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	 	 	 	 I	
Abstract 
A multi-stage hydrothermal system is related to the 1.85 Ga Sudbury impact structure. 
This system began in the Sudbury Igneous Complex (SIC) and radiated outward along 
the offset dykes. Through the combination of orientation measurements of veins in the 
field, petrography and mineral chemistry of these veins, this study has determined that 
there are four types of hydrothermal epidote-quartz veins categorized by their orientation, 
petrography and mineral chemistry. This study discovered that there are general trends 
with increasing distance from the SIC along the Foy Offset Dyke. From this it can be 
concluded that this is in fact SIC-driven hydrothermal event not a non-impact-related 
regional hydrothermal event that produced the epidote-quartz veins along the Foy Offset 
Dyke. 
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1.Introduction 
1.1 Introduction to Thesis 
Many geologists have studied hydrothermal alteration in relation to the Sudbury Impact 
Structure and surrounding region for various reasons, including the relationships between 
alteration and the Cu-Ni-PGE (Platinum Group Elements) mineralization. As discussed 
below, there have been several periods of hydrothermal activity in the Sudbury area; 
therefore, it is necessary to put the epidote-quartz hydrothermal veins along the Foy 
Offset Dyke from the Sudbury hydrothermal system into a geological context. The offset 
dykes are associated with Cu-Ni-PGE mineralization, and the Foy Offset Dyke is one of 
the main dykes. There have been different types of hydrothermal alteration documented 
in Sudbury, including chloritization of biotite, epidote-quartz veins, and many alteration 
assemblages. Previous studies completed in the Sudbury region have examined the 
hydrothermal alteration in terms of structural features categorizing them into 
hydrothermal events, or they have examined the trace elements in different minerals in 
the veins, including bioitite and amphibole. However, a study of the epidote-quartz 
hydrothermal veins along the Foy Offset Dyke has yet to be completed. In particular, the 
mineral chemistry and structure of the veins need to be examined to decipher if there is a 
change to the hydrothermal veins along the Foy Offset Dyke with increasing distance 
from the Sudbury Igneous Complex (SIC). This is important to examine because this 
change could imply either a gradual change with increasing distance, which indicates that 
there are decreasing temperature gradients causing different minerals to crystallize out of 
the fluid; or there could be a change in mineralogy with proximity to ore bodies. There 
have been studies using biotite and amphibole in the host rock as pathfinders for ore 
bodies (Warren et al. 2015; Hanley 2009, respectively), but not epidote or chlorite. It is 
essential to understand the hydrothermal fluid and how its elemental composition 
changes with increasing distance from the SIC. By classifying these natural 
compositional trends it will help identify abnormal values and changes to this trend, 
which could be due to an ore body in close proximity.  If hydrothermal epidote-quartz 
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veins can be classified and used to determine the location of an ore body then there is 
potential to use this method to find more ore bodies at Sudbury.  
The aim of this research is to improve our understanding of the hydrothermal alteration 
along the Foy Offset Dyke in the North Range of the Sudbury Structure. The objectives 
of this project are: to classify the hydrothermal alteration assemblage, determine which 
stage the hydrothermal fluid likely came from, if it originated from the SIC; and if there 
are elemental compositional variations in epidote, chlorite, biotite and amphibole with 
increasing distance from the SIC. To achieve these objectives the following were used: 
vein orientations in the field to determine if veins with different vein orientations could 
be part of the same hydrothermal fluid and compare them to existing studies; petrography 
of the veins to determine the hydrothermal assemblage and the textural relationships with 
and within the host rock; mineral chemistry utilizing the electron microprobe to 
determine the changes in elemental chemistry of epidote, chlorite, biotite and amphibole; 
and fluid inclusion analysis to determine the temperature of the fluid if possible.  
1.1.1 Impact Cratering 
An impact crater is the remnants of the collision of two objects that vary in size. When a 
small object collides with a substantially larger object, the larger object is left with an 
impact crater while the smaller object is broken down or destroyed. There are two main 
types of impact craters; simple craters and complex craters. These two crater types on 
Earth vary by size; simple craters can have a diameter of 2 to 4 km, while complex 
craters can have diameters larger than 4 km. A simple crater is a bowl shape; whereas a 
complex crater is misshapen bowl with a central uplift occurring in the middle of the 
crater. A crater is created in three stages: contact and compression, excavation, and 
modification.  
In the contact and compression stage the original ground surface is usually unloaded, 
melted and vapourized, leaving no physical evidence of the projectile (Melosh, 2013). As 
the shock wave travels downward and outward through the target rock, it is reduced in 
strength, then develops into a plastic wave and eventually an elastic wave (Melosh, 
2013). The excavation stage includes the opening and broadening of the crater cavity, 
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which is known as the transient cavity (Osinski et al. 2013). This transient cavity forms 
from the shock wave interacting with the original ground surface. This produces material 
flow called excavation flow, which flows outwards and broadens the opening of the 
crater producing the transient cavity (Osinski et al. 2013). The modification stage begins 
when movement of the transient cavity rim changes from outward to inward, changing 
the shape of the crater into its final structure (Kenkmann et al. 2013). At this point some 
of the crater rim is displaced back into the cavity. For a complex crater this results in a 
smooth crater floor and a central uplift (Kenkmann et al. 2013). The rocks that have been 
uplifted in the crater have undergone deformation, shock and brecciation. 
1.2 Regional Geology 
1.2.1 Sudbury Structure 
The Sudbury structure formed due to a meteorite impact event 1.85 billion years ago and 
was originally 200 to 250 km in diameter (Krogh et al. 1984). The Sudbury structure 
straddles the Southern and Superior Provinces with the Grenville Province to the 
southeast (Rousell and Card, 2009) (Figure 1). It is comprised of three main units: the 
footwall, the Sudbury Igneous Complex (SIC), and the Sudbury basin (Whitewater 
group) (Lightfoot et al. 1997; Rousell and Card, 2009). Concentric and radiating offset 
dykes composed of quartz diorite with xenoliths from the country rock crosscut the 
footwall breccia (Rousell and Card, 2009). The SIC overlies the footwall breccia, and the 
contact between them is a discontinuous unit called the Contact Sublayer, which is a 
orthopyroxene-rich xenolith-bearing norite (Rousell and Brown, 2009; Walker et al. 
1991). This sublayer is host to several Ni-Cu-Platinum Group Elements (PGE) deposits.  
The SIC has a vast quantity of economic mineral deposits including the Zn-Pb-Cu-Ag-Au 
Vermilion-Errington deposits and the Ni-Cu-PGE deposits found in the footwall breccia 
(Tuba et al. 2014; Rousell, Paakki and Gray, 2009). The SIC is formed through magmatic 
processes followed by late stage hydrothermal system that remobilized metals and 
transported them from the SIC to the footwall (Rousell and Brown, 2009). The footwall 
breccia is found in four localities: as intrusions in felsic norite, in offset dykes, as 
discontinuous sheets, and as megabreccia (Rousell and Brown, 2009). The term 
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megabreccia signifies an area between the footwall and the footwall breccia where small 
dykes of the footwall breccia intrude into the footwall (Rousell and Brown, 2009). 
There are four types of breccia seen in the North Range megabreccia, Sudbury breccia, 
footwall breccia and metabreccia. Sudbury breccia and footwall breccia are known to 
host Ni-Cu-PGEs (Rousell and Brown, 2009). Sudbury breccia is comprised of 
subrounded fragments in an aphanitic matrix; this matrix can be recrystallized or 
fragmental (Reimold, 1995; Thompson and Spray, 1996). Footwall breccia contains 
angular to subrounded fragments in a medium to fine-grained matrix (Tuchscherer, 
1998). Hydrothermal veining is abundant in the North Range and veins crosscut both the 
footwall breccia and the Sudbury breccia (Rousell and Brown, 2009). Metabreccia is 
specifically associated with the offset dykes. This type of breccia is assumed to have 
formed from footwall breccia that underwent thermal metamorphism while the offset 
dykes and SIC cooled (Farrow et al. 2005; Anders 2016). 
There are 12 offset dykes that formed around the SIC, some are concentric and others are 
radial (Figure 1). These dykes radiate out from the SIC and crosscut the footwall rocks in 
areas that highly are fractured or of Sudbury breccia (Rousell and Card, 2009). These 
offset dykes are composed of either inclusion-rich or inclusion-poor quartz diorite. The 
North Range contains the Whistle-Parkin, Ministic, Pele, Foy, and Hess offset dykes 
(Rousell and Card, 2009). The South Range contains the Worthington, Creighton, Copper 
Cliff, Frood-Stobie, Kirkwood, MacLennan, and Manchester. The Foy Offset Dyke 
radiates out from the SIC until it comes into contact with the Hess Offset Dyke. The Foy 
is then offset and continues further north.  
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Figure	1.	A	geological	map	of	the	Sudbury	impact	structure	displaying	the	units	of	the	Sudbury	structure	
and	all	of	the	offset	dykes.	Legend:	Red	star:	field	locations	of	this	study.	Blue	star:	Broken	Hammer	area	
and	South	Zone,	Green	star:	Amy	Lake	Zone,	Orange	star:	Strathcona,	Fraser	and	McCreedy	West	Mines.	
Modified	after	Ames	et	al.	2002.	Smaller	map	of	Ontario	is	modified	after	©Maphill	2011. 
1.2.2 Ni-Cu-PGE Deposits 
Sudbury has several of the world's largest Ni-Cu PGE deposits, with a known resource 
amount of at least 1648 million metric tonnes with an average grade of 1.2% Ni and 1.1% 
Cu (Lightfoot et al. 1997). In comparison, the largest Ni-Cu-PGE deposit is the Noril’sk 
in Russia with a known resource amount 2320 million metric tons with an average grade 
of 1.77wt% Ni, 4673 million metric tonnes with an average grade of 3.57wt% Cu, and 
12438 metric tonnes with an average grade of 9.5 wt% PGE (Song et al, 2011). The 
majority of deposit types found include: deposits greater than one kilometre in depth 
along the SIC, in the offset dykes, and in footwall vein systems (Golightly 2009). There 
are four Ni-Cu-PGE deposit types associated with the Sudbury impact structure: SIC-
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footwall contact, footwall vein, offset dyke, and sheared (Farrow and Watkinson, 1997). 
One third of the Ni-Cu-PGE magmatic sulfide deposits are found in the offset dykes. 
The Ni-Cu-PGE magmatic sulfide offset dyke deposits occur in both the radial and 
concentric dykes. The major deposit associated with a radial offset dyke deposit is the 
Copper Cliff deposit (Figure 1). Radial dyke deposits have fine-grained quartz diorite that 
intruded along the margins of the dyke with sulfide mineralization. The sulfide 
mineralization includes coarse-grained pyrrhotite, pentlandite and chalcopyrite (Golightly 
2009). The major concentric offset dyke deposits include the Frood and Stobie deposits in 
the South Range. These mineralized dykes are hosted in Sudbury breccia. The North 
Range footwall rocks are also host to Ni-Cu-PGE deposits and are found in Sudbury 
breccia where there are extensive networks of chalcopyrite-rich veins or in weakly 
brecciated Levack Gneiss (Farrow and Watkinson, 1997). 
1.2.3 Hydrothermal Systems 
The most widely accepted hypothesis of the Sudbury structure ore bodies at the contact 
between the SIC and the footwall is that they are of magmatic origin (Farrow and 
Watkinson, 1997). The other hypothesis, while commonly less accepted, is that 
hydrothermal fluids remobilized the metals to the footwall. The reasoning behind this 
hypothesis is that these metals occur with hydrothermal alteration minerals like epidote, 
actinolite and quartz (Farrow and Watkinson, 1997). It is suggested that this 
hydrothermal fluid brought these metals together to create more enriched Ni-Cu-PGE 
orebodies than they would have been if they had not been remobilized (Farrow and 
Watkinson, 1997). There are three explanations that support this hypothesis, which are: 
the accretion of PGE-rich minerals to create a PGE-rich hydrothermal fluid, the regional-
scale faults and brittle structures that allow these hydrothermal fluids to flow, and a host 
rock that can act as a trap allowing the PGE and sulfides to precipitate (Tuba et al. 2014). 
Two main impact-generated hydrothermal alteration events occurred: one beneath the 
SIC and one above the SIC (Ames et al. 2006). This study focuses on the hydrothermal 
alteration event below the SIC. There are three known stages of hydrothermal alteration 
for this hydrothermal event below the SIC: a high-temperature stage at 450-500°C, a low-
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temperature stage at 300-350°C and a very low-temperature stage at 100-200°C (Pentek 
et al. 2008). These temperatures are based on primary fluid inclusions measured from the 
minerals that crystallized out of the three hydrothermal fluids. High Ni/Cu and PGE/S 
ratios and high REE content represent the first high-temperature stage, which developed 
from alteration of footwall granophyre bodies (Tuba et al. 2014). This high-temperature 
stage was comprised of a fluid with greater than 35 NaCl equivalent weight percent 
salinity (Tuba et al. 2014). During late-stage hydrothermal processes, this high-
temperature fluid remobilized and transported the mineralization to veins in the footwall 
(Farrow and Watkinson, 1992). The low-temperature stage is a low salinity carbonic-
aqueous fluid (6-12 NaCl equivalent weight percent salinity), which could be associated 
with orogenic processes (Tuba et al. 2014). This stage developed from the SIC/footwall 
contact, creating voluminous Cu-Ni-PGE-rich fluids (Tuba et al. 2014). The very low-
temperature stage encompasses Ca-rich saline fluids (20-40 weight percent salinity) 
possibly originating from the emplacement of the Sudbury dykes (1.24 Ga) (Tuba et al. 
2014). The very low-temperature stage is not likely associated with ore-forming 
processes, but the other two hydrothermal stages are significant because of 
their association with economic deposits (Pentek et al. 2008). 
1.2.4 North Range 
The North Range is primarily made up of Archean age rocks from the Superior Province. 
The Superior Province at Sudbury is comprised of 4 rock groups: Levack Gneiss 
Complex, Cartier Batholith, mafic intrusions and the Benny greenstone belt (Card, 2009). 
In the North Range along the Foy only the Levack Gneiss Complex and the Cartier 
Batholith are present. These units are cut by the SIC (Figure 2). The Superior Province 
has undergone deformation and metamorphism by two orogenies, the Kenoran Orogeny 
(2500 Ma) and the Blezardian Orogeny (2140 Ma) (Card, 2009). These units also display 
signs of shock metamorphism, including planar deformation features in quartz and 
feldspar and kink bands in biotite, which are all related to the Sudbury Impact Event 
(Card, 2009). 
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Figure 2. Main rock types of the SIC, footwall rocks and parts of the Superior Province. Lightfoot, 
Naldrett and Morrison, 1997. 
The Levack Gneiss Complex is composed of high-grade metamorphic rocks that create a 
ring shape around the North and East ranges of the SIC, which is half a kilometre to 5 
kilometres wide (Card, 2009). The most abundant and continuous component of the 
Levack Gneiss Complex is the tonalite-granodiorite orthogneiss unit, which includes: 
strata of mafic to dioritic gneiss, diorite, gabbro, anorthosite, amphibolite, iron formation 
and pyroxenite (Card, 2009). This unit has two ages; the tonalite is U-Pb zircon dated at 
2711 Ma and granodiorite at 2668 Ma (Card, 2009). The units of the Levack Gneiss 
Complex are discontinuous due to folding and faulting (Card, 2009). The Cartier 
Batholith is a felsic plutonic intrusion that formed in 5 km thick sheets around the late 
stages of the Kenoran Orogeny (2642 Ma) (Card, 2009). The Cartier Batholith is located 
in the southern part of the Superior Province. This intrusion is comprised of porphyritic 
coarse-grained, massive leucogranite. 
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1.3 Foy Offset Dyke 
Three sites along the Foy Offset Dyke were studied for this thesis: Crazy Creek, Nickel 
Offset Mine and the Foy-Hess Intersection (Figure 1). Crazy Creek being the closest 
property to the SIC and the Foy-Hess Intersection being the furthest. 
1.3.1 Crazy Creek 
The Crazy Creek property is owned by KGHM International Limited. The Crazy Creek 
region in the North Range of the structure consists of granitic and gneissic rocks of the 
Archean Superior province (Figure 1) (Pentek et al. 2008). The Levack Gneiss Complex 
borders the footwall breccia and is found in the Crazy Creek region (Molnár et al. 2001). 
The Foy Offset Dyke radiates out from the SIC and crosscuts the Crazy Creek region. 
Three outcrops examined at this locality, which contained an extensive network of 
epidote, chlorite, amphibole, quartz, and sulfide veining. The host rocks at these outcrops 
consisted of Levack Gneiss, Nippissing Diabase, Metabreccia and Sudbury breccia. 
1.3.2 Nickel Offset Mine 
The Nickel Offset Mine is located in the North Range along the Foy between the other 
two localities visited (Figure 1). This property is owned by New Klondike Exploration 
Limited and has an abandoned mine on the property. This property is mostly comprised 
of Archean granites, Levack Gneiss, and a minor amount of Sudbury breccia in the 
northernmost portion of the property. Forty of the veins observed on the property were 
epidote-quartz veins and three were quartz veins. These hydrothermal veins were 
primarily observed in Archean granites. There were no outcrops of the Foy Offset Dyke 
present at the Nickel Offset Mine. 
1.3.3 Foy-Hess Intersection 
The Foy-Hess intersection property is owned by Wallbridge Mining Company Limited 
(Figure 1). This study measured 210 hydrothermal epidote-quartz veins crosscutting the 
Foy Offset Dyke while the Hess Offset Dyke did not have any veins crosscutting it. 
These veins were hosted in inclusion-rich quartz diorite or inclusion-poor quartz diorite. 
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The veins found on the property ranged from a millimetre to 5 centimetres in width and 
10 centimetres to 5 metres in length. 
1.4 Studies on Hydrothermal Minerals 
1.4.1 Hydrothermal Epidote Vein Orientations in Sudbury 
Tuba et al. (2014) examined extensional epidote-quartz veins, extensional quartz veins, 
extensional amphibole veins and shear-type epidote-quartz-chlorite veins. The field area 
for this study was in the Amy Lake Zone in the East Range of the SIC (Figure 1). The 
extensional epidote-quartz veins largely cut felsic to intermediate rocks. These veins 
locally have oscillatory zoning and a preferred orientation of NNW-SSE (Tuba et al. 
2014). In addition to the extensional epidote-quartz veins, the extension amphibole and 
quartz veins also have a preferred orientation NNW-SSE orientation and have an average 
dip of 50° with a dip direction of 225°. The extensional quartz veins are most abundant in 
felsic rocks, whereas the extensional amphibole veins are observed close to sulfide-rich 
assemblages. The shear-type epidote veins are primarily composed of epidote, quartz and 
chlorite. This vein type has a preferred orientation of N-S and NE-SW (Tuba et al. 2014).  
Pentek et al. (2008) examined the footwall-type Cu-Ni PGE mineralization in the Broken 
Hammer Area in the North Range. One of the many points of interest was in the vein 
orientations. The Sudbury breccia zones have one preferred orientation in the North 
Range, SE-NW (Pentek et al. 2008). This orientation is also seen at this locality as large 
faults and hydrothermal veins. The hydrothermal epidote-quartz-chlorite veins on the 
South zone property were outside of the mineralized zones and were hypothesized to be 
unrelated to mineralization processes (Pentek et al. 2008). These veins have two preferred 
orientations NNE-SSW and NW-SE. These orientations are parallel to the two main 
structural features in the area. The NNE-SSW veins are parallel to the SIC contact and 
the NW-SE veins are parallel to the Sudbury breccia Zone and large faults in the area 
(Pentek et al. 2008). 
Molnar et al. (2001) conducted a study examining hydrothermal fluids and their 
interactions with the host rocks along the contact between the SIC and Levack Gneiss in 
	 	 	 	 11	
the North Range. There are two main trends for fractures filled in by hydrothermal fluid 
containing epidote and/or chlorite: NW-SE and NE-SW (Molnar et al. 2001). The NW-
SE orientation (320–340°) is the same strike direction of the SIC/footwall contact 
(Molnar et al. 2001). The NE-SW orientation (50–80°) is perpendicular to the strike 
direction of the SIC/footwall contact. These epidote veins are found in Levack Gneiss 
and can be a millimetre to a centimetre in width. The two main orientations of the 
fractures coincide with the emplacement of the SIC (Molnar et al. 2001). Molnar et al. 
(2001) suggests that the circulation of 300–400°C and upward of 50 weight percent NaCl 
equivalent magmatic fluid remobilized Cu, Ni, and precious metals and deposited them in 
veins that are parallel to the SIC/footwall contact.  
1.4.2 Mineral Analysis of Hydrothermal Minerals in Sudbury 
A study by Hanley and Bray (2009) examined the relationship between the sulfide Ni-
Cu-PGE mineralization and amphibole veins. These authors studied the crosscutting 
relationships of the fractures to determine the timing of emplacement of the Ni-rich 
amphibole veins. They also compared the vein orientations, which showed that the 
sulfide veins and the amphibole veins have the same orientation. In addition, base metal 
concentrations were measured in amphiboles in relation to the proximity of the 
mineralization to see if there were significant increases. Lastly they determined that Cu-
Fe-sulfide minerals replace amphibole in the hydrothermal alteration veins proximal to 
the ore body through laser ablation inductively-coupled plasma mass spectrometry and 
electron microprobe analyses (Hanley and Bray, 2009). The approach that Hanley and 
Bray (2009) used has yet to be applied to studies on epidote hydrothermal veins.  
Warren et al. (2015) considered biotite in the mafic units of the Worthington quartz 
diorite offset dyke as a pathfinder for the sulfide Ni-Cu-Cr mineralization. They analyzed 
the biotite by laser ablation inductively-coupled plasma mass spectrometry and found that 
copper was elevated in biotite from barren to weakly mineralized sublayer quartz diorite 
and metasediments 200 m away from a massive sulfide deposit.  They also determined 
that there were three types of biotite groups that contain different quantities of Ni and Cr. 
The first was isolated, eudhedral laths within the inclusion-rich part of the dyke with Ni 
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varying from 1400-2700 parts per million and Cr varying from 50–2450 parts per million 
with a Ni/Cr ratio always greater than 2 (Warren et al. 2015). The second type of biotite 
was coarse-grained poikiloblasts within the host rocks with Ni fluctuating from 500–1400 
parts per million and Cr 1750–6000 parts per million, with a Ni/Cr ratio consistently 
below 0.5 (Warren et al. 2015). The final type of biotite was euhedral to subhedral laths 
intergrown with amphibole with Ni less than 300 parts per million and Cr varying from 
4–1200 parts per million, with a Ni/Cr ratio always less than 20 (Warren et al. 2015). 
Comparisons using the Ni/Cr ratio in epidote have not been done before. 
Pentek et al. (2008) observed epidote alteration present along the edges of PGE mineral 
veins, with the main end-member of epidote being pistacite [(Ca2)(Al2Fe3+) 
(Si2O7)(SiO4)O(OH)]. These veins are located at the contact between the sublayer and the 
footwall breccia, specifically at the Whistle mine where this contact is host to magmatic 
Fe-Ni-Cu ore (Pentek et al. 2008). Chalcopyrite-rich veins in this area contain massive 
infilling of pistacite, which is present as either individual crystals or aggregates in a comb 
texture. Within these epidote crystals in this zone, there can be inclusions of Pt-Pd- 
bearing minerals. Within the Levack Gneiss abundant epidote-chlorite-quartz veinlets 
were observed, in addition to epidote alteration in the matrix and in clasts of Sudbury 
breccia and Pentek et al. (2008) suggested that the hydrothermal veining and alteration 
occurred after the impact event. Pentek et al. (2008) analyzed samples for increasing 
Cu/(Cu+Ni) and decreasing Pt/(Pt+Pd) ratios with an increasing sulfide component in 
order to determine the direction of the ore body.  
Farrow and Watkinson (1997) determined that the most abundant precious metal and 
metalloids associated with Ni-Cu-PGE deposits in Sudbury are Pt, Pd, Bi, and Sb. These 
elements are most commonly present in the minerals sobolevskite (PdBi), michenerite 
([Pd,Pt]BiTe), merenskyite ([Pd,Pt][Te,Bi]2), moncheite ([Pt,Pd][Te,Bi]2) and melonite 
(NiTe2). Their study focused on the Fraser mine where they examine the Epidote Zone. 
The Epidote Zone of the Fraser mine contains lenticular masses composed of epidote and 
amphibole, but the epidote does not form veins. The Epidote Zone is 1 to 150 m in 
thickness and is parallel to the SIC contact (Farrow and Watkinson, 1997).  The Epidote 
Zone is primarily composed of epidote, amphibole and minor amounts of magnetite, 
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pyrite, and pentlandite (Farrow and Watkinson, 1992). The study analyzed the levels of 
Pt vs. Pd in samples from different levels of alteration. These elements were identified in 
tellurides, hosted in pyrite, pentlandite and amphibole (Farrow and Watkinson, 1997). 
They found that the Pt and Pd concentrations were highest near magnetite crystals, with 
the highest concentration in a magnetite-bearing alteration facies (Farrow and Watkinson, 
1997). The Pt vs Pd shows a positive correlation and that it essentially has a 1:1 ratio; 
however, in the Epidote Zone the Pt-rich phase dominates the precious metal minerals 
(Farrow and Watkinson, 1997). 
1.4.3 Fluid Inclusion Studies of Epidote in Sudbury 
Fluid inclusions present in silicate-quartz-sulfide veins are hypothesized by Pentek et al. 
(2008) to represent a low temperature (300–400°C) fluid that is related to a later stage of 
the SIC magmatic-hydrothermal system. They examined three categories of fluid 
inclusions: primary inclusions, primary and early secondary inclusions, and lastly late 
secondary inclusions. The first and second type contained a liquid, vapour and solid 
phase with the vapour phase comprising 15–20% of the volume of the inclusion (Pentek 
et al. 2008). The third type only contained a liquid and a vapour phase with the vapour 
phase making up 5% of the volume of the inclusion (Pentek et al. 2008). They used these 
categories to examine the change in total homogenization temperature of the fluid in each 
stage. Overall it was determined that the first type had a homogenization temperature that 
ranged from 400 to 500°C, the second type was more widespread with a range 150 to 
375°C, and finally the third type had a range from 100 to 175°C (Pentek et al. 2008). 
Molnar et al. (2001) also examined the orientations of fluid inclusion planes at each 
locality and compared these to the strike directions of the mineralized and barren 
fractures with epidote and/or chlorite on the outcrops. They classified three types of fluid 
inclusions: type one are NaCl-saturated aqueous inclusions (liquid-vapor-halite), type two 
are (liquid-vapor) aqueous inclusions and type three are (liquid-liquid-vapor) aqueous-
carbonic inclusions (Molnar et al, 2001). Molnar et al. (2001) determined that primary 
type one inclusions in the quartz-chlorite-epidote veins had a total homogenization 
temperature range from 160 ± 13°C. For these veins they also determined that the 
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average salinity is 29.0 NaCl weight percent equivalent (Molnar et al. 2001). This study 
also found that the localities with the Levack Gneiss as the host rock had a NW-SE 
preferred orientation and the footwall granophyre had a preferred orientation of NE-SW. 
Type one and type two B inclusions had three preferred orientations of NW-SE, NE-SW, 
and N-S (Molnar et al. 2001). Type three inclusions primarily had two preferred 
orientations NW-SE and N-S (Molnar et al. 2001). 
Farrow and Watkinson (1992) examined two alteration assemblages in the North Range 
at the Onaping-Levack region. The first alteration assemblage borders Cu-rich veins at 
the Strathcona Deep Copper Zone and the second alteration zone is the Epidote Zone 
(Farrow and Watkinson, 1992; Li and Naldrett, 1993). The temperatures at which the 
alteration assemblages formed were calculated from fluid inclusions and ranged from 
175° to 280°C for the Deep Copper Zone and 230° to 340°C for the Epidote Zone 
(Farrow and Watkinson, 1992). The two-phase and three-phase fluid inclusions used in 
this study were similar at both localities. The inclusions had a first ice melting 
temperature that ranged from -64.9 to -42.3°C. This ice melting temperature suggests that 
the hydrothermal fluid system is H2O-NaCl-CaCl2 (Farrow and Watkinson, 1992). The 
salinities for these systems ranged from 20.8 to 34.4 NaCl weight percent equivalent 
(Farrow and Watkinson, 1992). 
Overall, absolute ages of the fluid inclusion work have not been determined. 
Nevertheless, it can be concluded that the fluid came after the impact due to the 
observation that the epidote veins cut both the matrix and clasts in the Sudbury breccia 
and Footwall Breccia (Farrow and Watkinson, 1992). Some studies have been able to 
associate fluid inclusion with the emplacement of the host rock because the fluid 
inclusion, the host rock and/or hydrothermal veins have the same preferred orientations. 
 
	 	 	 	 15	
2. Methodology 
2.1 Fieldwork and samples 
Fieldwork for this study consisted of writing vein descriptions, measuring vein 
orientations and collecting samples of hydrothermal epidote-quartz veins. These samples 
were cut, and then the polished thin sections were prepared and analyzed using a 
petrographic microscope, micro X-Ray diffraction (µXRD), electron microprobe, and a 
fluid inclusion heating-freezing stage. 
Samples were collected during the 2015 and 2016 field season at three different localities 
northwest of Sudbury: Crazy Creek, Foy-Hess Intersection, and the Nickel Offset Mine 
(Figure 1). The orientation of the hydrothermal veins were measured using a Brunton 
compass and recorded both in a notebook and on an iPad using the Notebook 4 app. 
Pictures and GPS coordinates for each vein orientation. Veins were measured as 
individual veins and were not noted as a set of veins if more than one vein was cutting the 
host rock with the same orientation. This was decided due to many veins on the 
properties visited not having an identifiable dip. All veins on each outcrop were measured 
by CoDyre, S.A. Strike and dip measurements were taken wherever possible, and both 
strike orientations were recorded where there was no identifiable dip. The veins 
sometimes would cross the edge of a host rock or the edge of an outcrop, this is where the 
term crosscut was used. All outcrops mapped out by previous Western University 
students and along the drivable pathways were visited and if epidote-quartz veins were 
found then all veins were measured. The outcrops ranged from 1-10 meters in width and 
anywhere from 3-20 meters in length. The samples were collected using a rock saw, a 
hammer and chisel. Each of the samples extracted were cut into polished thin sections 
with the vein in the center and surrounding hematite alteration halo that surrounded most 
veins for up to 15 centimetres. A hypothesis was made that the hematite alteration halo 
was a by-product of the hydrothermal fluid, but additional work is required to prove this 
hypothesis to be true. Therefore, the amphibole, biotite and chlorite may have been 
altered by the fluid and have been included in this study. Future work could include the 
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analysis of fresh, unaltered host rock to determine if the aforementioned minerals were 
altered by the hydrothermal fluid.  
2.2 Petrography 
Polished thin sections were examined using an Olympus BX51 polarizing petrographic 
microscope, in both plane-polarized transmitted light and cross-polarized transmitted 
light, to identify minerals and describe the mineral textures found in each polished thin 
section. The polished thin sections were then further examined in reflected light using an 
Olympus TH4-100 to identify the opaque minerals. Pictures of the polished thin sections 
under the microscope were taken using an Olympus UC30 camera. 
2.3 Electron Microprobe 
Electron probe micro-analysis (EPMA) were acquired using the JEOL JXA-8530F 
Hyperprobe at the University of Western Ontario. For analyses of epidote, chlorite, 
biotite and amphibole, an accelerating voltage of 15 kV, a probe current of 20 nA and a 
beam size of 5µm were used. Electron Dispersive Spectrometry (EDS) and Wavelength 
Dispersive Spectrometry (WDS) were performed on polished thin sections. Element 
maps were generated for Si, Al, Na, F, Mg, Fe, Ni, Lu, Cu, K, Pd, Cl, Pt, Ti, Ca, Nb, Mn, 
Sr, and Cr. The maps were acquired using 15 kV accelerating voltage, with a 50nA probe 
current and a dwell time per pixel of 10 ms. 
Mineral calibration standards and crystals used for the measurement of epidote were 
anorthite for Si [TAP (Thallium Acid Phthalate) crystal], Al (TAP crystal), and Ca 
[PETL (Pentaerythritol L-type spectrometer) crystal] (Smithsonian USNM 137041-Great 
Sitkin Island, AL); Albite_Amelia for Na (TAP crystal) (Amelia County, Virginia, USA, 
CM Taylor); Magnesium for Mg (TAP crystal) (Astimex METM25-43); Synthetic 
Fluorite for F (TAP crystal); Fayalite for Fe [LIF (Lithium Fluoride) crystal]; Nickel for 
Ni (LIF crystal)(Astimex METM25-43); Lutetium_Phosphate for Lu (LIF crystal); 
Copper for Cu (LIF crystal); Orthoclase_2 for K [PETH (Pentaerythritol H-type 
spectrometer) crystal](CM Taylor); Palladium for Pd (PETH crystal); Sodalite for Cl 
(PETH crystal)(Geller MicroAnalytical); Platinum for Pt (PETH crystal); Rutile for Ti 
	 	 	 	 17	
(PETL crystal); Niobium for Nb (PETL crystal); Manganese for Mn (LIF 
crystal)(Astimect METM 25-43); SrTiO2 for Sr (PETH crystal)(synthetic C.M. Taylor); 
Chromium for Cr [LIFL (Lithium Fluoride L-type spectrometer) crystal](Astimex 
METM25-43). Detection limits and average error values are provided in Table 1. The 
average error percent is calculated based on the  
Mineral calibration standards used for the measurement of biotite, amphibole, and 
chlorite were Cr-Augite for Si (TAP crystal)(Smithsonian NMNH 164905-Ney County, 
Nevada); Anorthite for Al (TAP crystal) and Ca [PETJ (Pentaerythritol J-type 
spectrometer) crystal](Smithsonian USNM 137041-Great Sitkin Island, AL); 
Albite_Amelia for Na (TAP crystal)(Amelia County, Virginia, USA, CM Taylor); Cr-
Augite for Mg (TAP crystal)(Smithsonian NMNH 164905 – Ney County, Nevada); 
Synthetic Fluorite for F (TAP crystal); Fayalite for Fe (LIF crystal); Rutile for Ti (PETJ 
crystal); Orthoclase_2 for K (PETH crystal)(CM Taylor); Sodalite for Cl (PETH 
crystal)(Geller MicroAnalytical); Celestite for Sr (PETH crystal)(Astimex MINM25-53, 
Madagascar); Nickel for Ni (LIFL crystal)(Astimex METM25-43); Rhodonite for Mn 
(LIFL crystal)(Astimex MINM25-53); Chromium for Cr (LIFL crystal)(Astimex 
METM25-43). Detection limits and average error values are provided in Table 2. The 
average error value is the machine error percent multiplied by the weight percent value of 
that element divided by 100. 
The stoichiometries were calculated using the Deer, Howie and Zussman Second Editon 
appendix 1: calculation of a chemical formula from a mineral analysis. The following 
assumptions were made for the following minerals. The iron in epidote was assumed to 
be entirely Fe3+ and the stoichiometry was based on 12.5-oxygen equivalent atom per 
formula unit (apfu).  The stoichiometry for all of the chlorite samples were based on a 28-
oxygen equivalent apfu, assuming all of the iron presented as Fe2+.  The biotite analyses 
were calculated assuming all iron was Fe2+ and an 11-oxygen equivalent apfu.  The 
stoichiometry for all of the amphibole samples was based on a 23-oxygen equivalent 
apfu. The Fe2+ and Fe3+ proportions were constrained using Mineral Recalculation 
Software by Tindle (http://www.open.ac.uk/earth-research/tindle/AGTWebPages/ 
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AGTSoft.html). The method of classification this was based on is Leake (1978), Rock 
and Leake (1984) and Mogessie et al. (1990). 
Table 1. Standards and detection limits for each element used in electron microprobe analysis of 
epidote. *Error values are averaged for all epidote samples. 
Element Detection Limit (ppm) Error Percent*  
 Si 77 0.26 
Al 51 0.21 
Na 36 0.02 
F 224 0.16 
Mg 24 0.02 
Fe 100 0.30 
Ni 112 0.01 
Lu 413 0.06 
Cu 128 0.02 
K 18 0.35 
Pd 37 1.19 
Cl 15 0.24 
Pt 68 3.04 
Ti 36 0.21 
Ca 26 0.13 
Nb 64 0.21 
Mn 371 0.06 
Sr 95 0.06 
Cr 218 0.02 
	
Table	2	 Standards and detection limits for each element used in electron microprobe analysis of 
biotite, chlorite and amphibole. *Error values are averaged for all samples. 
Element Detection Limit (ppm) Error Percent*  
 Si 264 0.26 
Al 198 0.13 
Na 188 0.03 
F 1345 0.09 
Mg 183 0.15 
Fe 511 0.37 
Ca 219 0.12 
Ti 346 0.04 
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K 91 0.01 
Cl 75 0.01 
Sr 354 0.03 
Ni 228 0.02 
Mn 365 0.05 
Cr 333 0.02 	
2.4 X-Ray Diffraction 
The Bruker D8 Discover Diffractometer (Figure 3) was used at the University of Western 
Ontario to acquire in situ micro x-ray diffraction (µXRD) patterns for crystals in both 
polished thin sections and rock samples were analyzed. The omega scan mode on the 
µXRD was used for this study by the source and detector rotating clockwise through ω 
angle to maintain a fixed 2θ. The Greek letter ω is the number of degrees that the source 
and detector rotate clockwise through. The Greek letter θ is a fixed number of degrees 
that is determined through Bragg’s Law. A generator powered at 35 kV and 45 mA was 
used to analyze the samples. Cobalt radiation is monochromated by a 60 mm Gobel 
mirror with a 300 µm pinhole snout, yielding a nominal beam diameter of 300 µm. A 
remote-controlled XYZ sample stage was used to select the target location after viewing 
the sample and selecting a location on the microscope. Context images were captured 
using a CCD camera, which is mounted on the microscope. A Hi Star 2D General Area 
Detector Diffraction System (GADDS) collects the diffracted X-rays. For more 
information see Flemming (2007). 
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Figure 3. The Bruker D8 Discover Diffractometer showing the source on the left and detector on the 
right. The samples are mounted on the XYZ stage. 
Samples collected during the 2015 field season at Crazy Creek were analyzed by µXRD. 
SUD_SC_010 (renamed CC-10) was analyzed using following parameters: frame one 
started with θ1=14.5° and θ2=16.0° rotating through ω=5.5° with a time of 15 minutes. 
The second frame parameters were θ1=29.5° and θ2=40.0° rotating through ω=24° with a 
time of 30 minutes. SUD_SC_006 (renamed CC-06) and SUD_SC_015 (renamed CC-15) 
were analyzed using following parameters: frame one started with θ1=15.0° and θ2=15.5° 
rotating through ω=5.5° with a time of 15 minutes. The second frame parameters were 
θ1=29.5° and θ2=40.0° rotating through ω=24° with a time of 30 minutes. 
2.5 Fluid inclusion Analysis 
There are three types of fluid inclusions: primary, secondary, and pseudosecondary 
(Figure 4). Primary fluid inclusions form during the growth of the surrounding crystal 
(Bodnar, 2003). Secondary fluid inclusions form when a crystal fractures after the growth 
of the crystal is complete and a fluid inclusion forms and becomes entrapped in the 
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fracture (Bodnar, 2003). Pseudosecondary fluid inclusions form when fracturing occurs 
before crystal growth is complete. The inclusion is then entrapped in the fracture, after 
which the crystal continues to grow (Bodnar, 2003). A Fluid Inclusion Assemblage (FIA) 
is a group of fluid inclusions with the same volume percent for each phase that were all 
trapped at the same time (Bodnar, 2003). There are three types of phases found in fluid 
inclusion: liquid, solid and vapour.  
 
Figure 4. Types of fluid inclusions associated with crystal growth. 
There are two major assumptions to consider for a fluid inclusion study: the first is that 
each fluid inclusion from the time of entrapment represents a chemically closed system; 
the second is that the volume of each fluid inclusion has remained the same since 
entrapment (Goldstein and Reynolds, 1994). The way to test this theory is to have 
multiple fluid inclusions of diverse sizes and shapes within one FIA with a consistent 
homogenization temperature (Goldstein and Reynolds, 1994).  
Fluid inclusion microthermometry was performed using a Linkham THMSG600 
temperature controlled geology system, which consists of a THMGS600 stage, a T95- 
LinkPad system controller and a LNP95 liquid nitrogen cooling pump system. This 
system was controlled using a computer software called Linksys32. In this program a 
	 	 	 	 22	
temperature profile is created where you can set the rate (°C/min) of the cooling/heating, 
the limit (°C) of the maximum temperature of cooling/heating before it stops, and how 
long you delay (min) the next rate of cooling/heating. An ECP water circulator pump is 
used to circulate water around the stage to cool it when the stage is heated to 
temperatures above 300 °C for extended periods of time. The stage is mounted onto a 
microscope using specific stage clamps. This microscope has a camera, which is 
controlled using Q-Capture Pro 7. The microscope is calibrated using SYNFLINC 
standard synthetic fluid inclusions. Standard 1 was an H2O-CO2, which has a melting 
temperature of -56.6 °C and standard 4 was pure H2O with a melting temperature of 0.0 
°C. The maximum temperature a sample can be heated is 600 °C and the minimum using 
liquid nitrogen is -196 °C. Using a slow rate of heating and cooling generates more 
precise results and repeating this process multiple times produces more accurate results. 
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3. Results 
3.1 Fieldwork Observations and Samples 
Hematite alteration haloes are common (70%) around the epidote-quartz veins at the 
Crazy Creek locality independent of the host rock. The haloes start at the edge of the 
epidote-quartz veins and can extend outwards to approximately 15 centimetres. At the 
Nickel Offset Mine the hematite alteration haloes are just as common as Crazy Creek but 
they only extend outward to a maximum of 2 centimetres. The hematite alteration haloes 
rarely (15%) appear around any of the epidote-quartz veins on the Foy-Hess locality. 
Hematization indicates that the veins formed from oxidized fluids (Figure 6). In general 
the vein density on the outcrops was highest at the Foy-Hess intersection, followed by 
Crazy Creek, with the least veins on outcrops being at the Nickel Offset Mine. Further 
observations at each locality will be described below. 
3.1.1 Crazy Creek 
Orientation measurements were collected from 92 different veins (Figures 5 and 7).  Vein 
descriptions with their orientations are summarized in Appendix 1. A total of 16 different 
types of veins and their contact with the surrounding host rock were collected. 
Orientations and basic descriptions of each vein and its contact were recorded. Of the 16 
samples taken in the field, six were sulfide veins, five were epidote veins, two were 
feldspar veins, one was a quartz vein, one was an amphibole vein, and one was a chlorite 
vein. Outcrop A accounted for seven of the samples taken, outcrop B yielded nine 
samples and only one sample was taken from outcrop C. Samples were chosen based on 
the type of vein, the contact with the host rock, width of the vein, and mineralogy. 
The samples collected from the Crazy Creek property include chalcopyrite-pyrite, quartz-
albite, and epidote-quartz veins (Figure 5). The veins were primarily hosted in 
metabreccia, rhyolite, Archean granites and Levack Gneiss. The quartz-albite veins 
consist of 5–10% albite. Several quartz-albite veins have a pinkish colour due to presence 
of 10–20% potassium feldspar in the vein. Epidote-quartz veins are composed primarily 
of epidote and quartz, with minor chlorite, actinolite/hornblende, and albite. 
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Figure 5. Satellite map of the Crazy Creek property, Sudbury, Ontario. Google Maps™. Accessed 
August 2017. Annotated with sample locations and the strike and dip of each vein measured. The 
green symbols represent epidote-quartz veins, the red symbols sulfide veins, and blue symbols quartz 
veins. 
N 
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Figure	6-		Simplified	geological	map	of	the	Crazy	Creek	outcrops	modified	after	Anders	(2016)	with	vein	
orientations	to	match	previous	figure.	All	data	points	are	within	GPS	error.	
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Figure 7. A) Outcrop where SUD-SC-05 (renamed CC-05) was taken demonstrates the hematite 
alteration halo around the epidote vein.  
The veins located on the Crazy Creek property were fine-grained with hematite alteration 
halos and biotite being hydrothermally altered to chlorite (Figure 7). The thicknesses of 
the veins range from one millimetre to one centimetre. The length of these veins ranged 
from 30 centimetres to 3 metres. The strike and dip of 72 epidote-quartz and epidote-
quartz-chlorite veins were collected from the Crazy Creek property. The results indicated 
the preferred strike of the epidote-quartz veins was NW-SE, which made up 
approximately 70% of all orientations in the rose diagram. There was a less predominant 
trend of SW-NE for the epidote-quartz-chlorite veins, which comprised approximately 
40% of all orientations in the rose diagram (Figure 8).  
Hematite 
alteration 
halo 
Epidote 
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Figure 8. Poles of the epidote-quartz veins plotted on an equal area stereonet for the Crazy Creek 
samples. The diagram in the middle is contoured based on the Kamb contour. The stereonet on the 
right is a rose diagram plotted on an equal area stereonet, zoomed in with a perimeter of 15%. 
Diagrams made using Stereonet 10 ©. 
3.1.2 Nickel Offset Mine 
A total of 3 days were spent at the Nickel Offset Mine (New Klondike property) during 
the 2016 field season. Approximately 40 vein orientations were collected on this property 
as well as 10 samples of epidote veins (Figures 9 and 10). The veins on the Nickel Offset 
Mine property are predominantly hosted by Archean granite. Other than two large 
(millimetres to centimetre-sized crystals) quartz-albite veins, there were only epidote-
quartz veins on the property, of which were composed of epidote, quartz and sometimes 
chlorite. The 40 epidote-quartz veins at the Nickel Offset Mine had two preferred 
orientations, one is NW-SE (approximately 35% in the northwest-southeast quadrants) 
and the other is SW-NE (65% in the southwest-northeast quadrants) (Figure 11). Dips of 
these veins could not be measured; therefore, each strike was taken as a trend. In addition 
to typical epidote-quartz veins, there were a variety of epidote-quartz veins at the Nickel 
Offset Mine that protruded out of the host rock in similar fashion to the Foy-Hess 
Intersection. These veins were fine-grained (<1mm), with weakly developed hematite 
haloes and ranged in thickness from one millimetre to two centimetres. The veins 
themselves were up to 2 centimetres in width and up to 2 metres in length. 
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Figure 9. Satellite photo of the Nickel Offset Mine, “Sudbury, Ontario.” Google Maps™. Accessed 
August 2017. Annotated with sample locations and the strike and dip of each vein measured. The 
green symbols represent epidote-quartz veins and the blue symbol is a quartz vein. Samples are 
labelled in red. 
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Figure	10-	Simplified	geological	map	of	the	Nickel	Offset	Mine	property	with	vein	orientations	to	match	
previous	figure.	All	data	points	are	within	GPS	error.		
 
Figure 11. Rose diagram plotted on an equal area stereonet displaying the orientation of the Nickel 
Offset Mine epidote-quartz veins. Diagram was zoomed in to 20% as the perimeter. Diagram made 
using Stereonet 10 ©. 
3.1.3. Foy-Hess Intersection 
During the 2016 field season a total of 6 days were spent at the Foy-Hess Intersection 
(Wallbridge property). The areas selected for research at this property were based on the 
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data and maps produced and collected by Pilles (2016). Orientation measurements were 
collected from approximately 90 veins (Figures 12, 13 and 15). This research mainly 
focused on the Foy Offset Dyke as epidote-quartz veins crosscut it, while the Hess Offset 
Dyke at the intersection did not have any epidote-quartz veins crosscut it. The epidote-
quartz veins appeared to crosscut the Foy Offset Dyke up until it intersected with the 
Hess Offset Dyke. Most veins were hosted in inclusion-rich quartz diorite or inclusion-
poor quartz diorite. Of the approximately 90 veins measured, 12 vein samples were 
collected, which all were primarily composed of epidote and lesser amounts of quartz. 
Of the three types of veins examined on the property the majority consisted of epidote-
quartz, quartz-albite and chlorite-biotite, which were mainly found in the Foy Offset 
Dyke, with a less than 10 veins found in Archean granites. The epidote-quartz veins were 
mainly composed of epidote, quartz and minor amounts of biotite, chlorite and albite. The 
quartz-albite veins were predominantly quartz with lesser quantities of albite and crosscut 
some of the epidote-quartz veins. The chlorite-biotite veins contained chlorite, biotite, 
quartz and minor amounts of actinolite and hornblende. Several of the epidote-quartz 
veins at this locality had differential weathering of the host rock, which resulted in the 
veins protruding out of the Foy Offset Dyke (Figure 14). The veins found at the Foy-Hess 
Intersection were approximately 1-5 metres in length and up to 4 centimetres in width. 
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Figure	 12-	 Simplified	 geological	 map	 of	 the	 Foy-Hess	 Intersection	 property	 with	 vein	 orientations	 to	
match	previous	figure.	All	data	points	are	within	GPS	error. 
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Figure 13. Satellite photo of the Foy-Hess Intersection, “Sudbury, Ontario.” Google Maps™. Accessed 
August 2017. Annotated with sample locations and the strike and dip of each vein measured. The 
green symbols represent epidote-quartz veins and the blue symbol is a quartz vein. Samples are 
labelled in red. 
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Figure 14. Photo of a Foy Offset Dyke outcrop from the Wallbridge property showing the epidote 
vein protruding out of the dyke. 
The thickness of the epidote-quartz veins range from one millimetre to five centimetres. 
A total of 210 epidote-quartz veins were measured on the Foy-Hess Intersection property; 
however, both strike and dip could only be measured for approximately 80 of these veins. 
Most of the epidote veins on the outcrops were on a flat surface and breaking the surface 
to obtain a dip measurement was not feasible. Where measuring the epidote veins without 
a measureable dip the higher value for the strike was taken. As shown in Figure 15 
below, there were two main orientations of the 80-epidote veins: SW-NE and NW-SE. In 
contrast, for the 130 epidote veins where only strike could be measured, there was only 
one predominant trend, which was NW-SE (70% in the northwest-southeast quadrants; 
Figure 15). 
Epidote vein 
Foy 
Offset 
Dyke 
10	cm 
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A)    B)    C) 
 
Figure 15. A) and B) Poles of the epidote-quartz veins plotted on an equal area stereonet for the Foy-
Hess Intersection samples.  B) Contouring based on the Kamb contouring method. C) Rose diagram 
plotted on an equal area stereonet displaying the epidote-quartz vein orientations of the Foy-Hess 
Intersection samples. Diagram is zoomed in making the perimeter 25%. Diagrams made using 
Stereonet 10 ©. 
3.2 Petrography  
In the previous section the mineralogy was determined in the field, but in this section, the 
mineralogy will be discussed in greater detail. As noted above, the samples observed at 
Crazy Creek comprised a variety of different veins including chalcopyrite-pyrite, quartz-
albite and epidote-quartz. The chalcopyrite-pyrite veins are primarily composed of either 
pyrite with minor chalcopyrite or chalcopyrite with minor pyrite, along with minor 
amounts (<15%) of sphalerite, ilmenite, titanite, and trace chalcocite, magnetite and 
hematite. The chalcopyrite is medium- to fine-grained with subhedral shape, whereas the 
pyrite is euhedral to subhedral and in many instances fine-grained to very fine-grained in 
size. Several veins contain ilmenite intergrown in a wormy texture with titanite (Figure 
16A). The reaction for ilmenite to alter to titanite is as follows: 
(1) Amphibole + Ilmenite +O2 à Titanite + Magnetite + Quartz + H2O 
These chalcopyrite-pyrite veins contain inclusions of epidote, chlorite and quartz. The 
rocks hosting the chalcopyrite-pyrite veins are primarily composed of anhedral quartz, 
subhedral albite, subhedral actinolite/hornblende (depending on the sample), with minor 
amounts of subhedral biotite/phlogopite, epidote and chlorite. Numerous biotite crystals 
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have been chloritized (Figure 16B). Several of the fresh biotite crystals display kink 
banding (Figure 16C).  The chloritization reaction between chlorite and biotite can occur 
through one of two following reaction equations:  
(2) Chlorite + Quartz + KOH à Biotite + K-feldspar + H2O 
(3) Chlorite + Quartz + KOH à Biotite + Muscovite + H2O 
The quartz-albite veins at Crazy Creek were composed of medium- to very fine-grained 
subhedral quartz and albite. Several of the quartz crystals were polycrystalline, which 
means it has been re-crystallized to some degree (Figure 16D). These quartz-albite veins 
also contained several fibrous albite crystals and very fine grained albite/labradorite 
intergrowth (Figure 16E). The host rock was composed of fine-grained quartz, albite, 
minor biotite, hornblende, chlorite and trace sercite. The host rock has undergone 
chloritization and displays granophyric texture (Figure 16B and 16D). Several of the 
quartz-albite veins are discontinuous. 
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Figure 16. Textures seen in Crazy Creek Samples. A) Wormy intergrowth of Ilmenite and titanite in 
a chalcopyrite-pyrite vein seen (CC-01); B) Chloritization of biotite (CC-01); C) Kink banding in 
biotite(CC-08); D) Granophyric texture and polycrystalline quartz (CC-01). Abbreviations: 
Ab=Albite Bt=Biotite, CC=Crazy Creek, Chl=Chlorite, Ep= Epidote, Fsp= Feldspar, Ilm= Ilmenite, 
Qtz= Quartz, PPL= Plane polarized light, RL= Reflected light, Ttn= Titanite, XPL= Cross polarized 
light . Figure 14 continued on next page. 
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Figure 16 Continued. E) Fibrous albite (CC-01); F) Host rock quartz-albite inclusion in an epidote 
vein (CC-06); G) Grain size change in epidote from the edge of the vein to the middle of the vein 
(CC-13); H) Smooth edge of the epidote vein towards the top and a jagged edge of the vein at the 
bottom (CC-06).  
The epidote-quartz veins at Crazy Creek were composed of mainly epidote (70–90% 
depending on the sample), with minor amounts of quartz, albite, chlorite and pyrite. 
These minerals may represent lithic fragments that are incorporated in the vein. (Figure 
16F). The host rock is composed of medium- to very fine-grained subhedral quartz, very 
fine-grained subhedral to anhedral twinned albite, medium- to fine-grained subhedral 
biotite, and fine-grained subhedral chlorite. The epidote-quartz vein is comprised of two 
grain-sizes, fine- and very fine-grained. The grain-size of epidote changes from fine- to 
very fine-grained from the middle outward towards the edges (Figure 16G). Some of the 
veins contain medium-grained epidote sporadically throughout the vein.  The edges of the 
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epidote-quartz veins vary along the vein as well. They exhibit either smooth or jagged 
edges (Figure 16H).  
The samples taken at the Nickel Offset Mine are of epidote-quartz veins, which are 
primarily hosted in Archean granite and minor amounts in Levack Gneiss. The host rock 
is composed of medium grained potassium feldspar, quartz, albite and minor amounts of 
biotite and chlorite. The biotite was altered to chlorite (Figure 17A). The epidote-quartz 
veins are composed of fine-grained subhedral epidote and fine-grained subhedral quartz, 
with some medium-grained euhedral epidote in the thicker veins near the middle (Figure 
17B). One of the samples has an epidote-quartz vein crosscut by another epidote-quartz 
vein (Figure 17C). The crosscutting vein is finer-grained than the vein it crosscut. The 
thinner epidote-quartz veins have a more jagged edge compared to the thicker veins, 
which are smoother (Figures 17D). In general, the epidote-quartz veins are finer-grained 
near the edges and become coarser-grained near the center of the vein. 
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Figure 17. Textures seen in Nickel Offset Mine samples. A) Showing the chloritization of biotite 
(NOM-03).  B) In cross polarized light, to the right side of the photomicrograph shows medium-
grained epidote near the middle of the vein and how the epidote becomes finer-grained towards the 
left which is the edge of the vein (NOM-05). C) in plain polarized light, it shows a fine-grained 
epidote vein overprinting a medium-grained epidote vein (NOM-09). D) in cross polarized light, this 
epidote vein has a smooth edge (NOM-05). Abbreviations: Bt=Biotite, Chl=Chlorite, Ep= Epidote, 
Qtz= Quartz, PPL= Plane polarized light, XPL= Cross polarized light.  
Two types of veins are present at the Foy-Hess Intersection, epidote-quartz and quartz-
albite veins. The quartz-albite veins crosscut the epidote-quartz veins. The epidote-quartz 
veins are composed of epidote with minor amounts of quartz and trace albite (Figure 
18A). The epidote range from medium- to very fine-grained; the former occurring near 
the middle of the vein and the latter occurring at the vein margins (Figure 18B). The host 
rock for these epidote-quartz veins is composed of quartz, potassium feldspar, amphibole, 
epidote, biotite, and chlorite. The amphibole was altered to epidote (Figure 18C). The 
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biotite in these veins has undergone chloritization (Figure 18D). Around the epidote-
quartz veins there may either have been a partial rim of quartz or a thin rim of chlorite. 
The quartz-albite veins on the Foy-Hess Intersection are composed of fine-grained quartz 
and occasionally minor amounts of fine-grained albite. These quartz-albite veins are 
hosted in the Foy Offset Dyke and the dyke is composed of quartz, albite, biotite, chlorite 
and minor epidote. Several of the quartz veins are comprised of medium- to fine-grained 
subhedral to anhedral quartz as well as polycrystalline quartz (Figure 18E).  The biotite in 
the host rock has undergone chloritization, and the albite in these samples has intergrown 
with labradorite causing it to be very fine-grained compared to the rest of the minerals in 
the host rock (Figure 18F).  
	
Figure	 18-	 Textures	 seen	 in	 Foy-Hess	 Intersection	 samples.	 A) Epidote-quartz vein with albite 
inclusions (FH-04A); B) Changes in the epidote grain size from the edge of the vein to the middle 
(FH-04A). 
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Figure 18 continued. C) Amphibole being altered to epidote (FH-05). D) Chloritzation of biotite (FH-
02); E) Polycrystalline quartz (FH-11); F) Very fine-grained albite intergrown with labradorite (FH-
05). Abbreviations: Ab=Albite, Amp=Amphibole, Bt=Biotite, Chl=Chlorite, Ep=Epidote, 
Lb=Labradorite, Qtz=Quartz, PPL=Plane polarized light, XPL=Cross polarized light.  
3.3 Mineral Chemistry  
This section is split into 4 parts to discuss the results of the major element analysis for 
epidote, chlorite, biotite, and amphibole. The tables below display the weight percent 
averages and the atom per formula unit (apfu) averages for each mineral in each sample. 
The predominant trendlines, classification and substitution relationships for each mineral 
will be discussed below. 
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3.3.1 Major element results for epidote 
Samples from all three localities were analyzed on the electron microprobe. Several 
points were not included in these graphs because their stoichiometries did not add up to 
the correct stoichiometry for epidote, which was interpreted that more than one mineral 
was analyzed. All iron is considered to be Fe2O3 for the calculation of epidote. The first 
indication that an analysis was flawed was if the Si value was too high. If Si was below 
three apfu then Al(IV) was added to this site to equal three, but in the case of these 
samples the values were all approximately three apfu. After Al(IV) was added to make 
the tetrahedral site equal three, the rest of the Al was assumed to be Al(VI). If the Si apfu 
was over three by more than 0.09, it was considered an analysis that included epidote and 
an additional mineral and the data wasn’t considered in the graphs below. Mn was not 
analyzed in the first set of points analyzed but was in all other sets. This criteria was also 
applied to the two octahedral sites in epidote. Table 3 contains the average bulk 
composition weight percent of each oxide and the average atom per formula unit for each 
element. Si vs Al(IV) plots have a perfect one-to-one ratio due to the complete filling of 
the tetrahedral site with excess Al going into the octahedral site, therefore plotting these 
diagrams is redundant.  
The epidote compositions of six of the samples from Crazy Creek (CC) were determined 
by EPMA. The terms widespread or variable will be used for elements where the average 
apfu value in Table 3 below is equal to or smaller than one standard deviation. The term 
consistent is for when the average apfu value for the element analyzed is greater than one 
standard deviation. For the first sample (CC-04A) the epidote had widespread values in 
the following elements: Na, Mg, K, Cl, Sr and Pt. CC-05 was highly variable in Mg, Ti, 
K and Cl. CC-08 was consistent in all elements analyzed. CC-10 was widespread in Mg, 
Ti, K, Cl, and Pt. CC-13 had widespread values in F and Ti. Finally, for CC-14 only one 
epidote analysis was obtained. All graphs below have a grey line of best fit, with R2 
values and slopes associated with this line. These R2 values and slopes will be discussed 
when comparing all sample sites. Figure 19 compares Ca and Na+Mg+Mn+K+Sr, 
demonstrating that samples CC-04A, CC-08 and CC-10 have the lowest 
Na+Mg+Mn+K+Sr (0.0-0.5 apfu) values other than the one abnormally high value for 
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CC-04A (0.20 apfu). CC-05 generally had the highest Na+Mg+Mn+K+Sr (0.02-0.13 
apfu) values followed by CC-13 (0.03-0.07 apfu). Both of these samples have low Ca 
(1.875-1.975 apfu) values. The one point analyzed for CC-14 fell below the general trend 
for this graph. Ca is poorly correlated with Na+Mg+Mn+K+Sr, which could be due to 
another element or series of elements not having been analyzed, such as the Rare Earth 
Elements (REEs).  
 
Figure 19. Ca plotted against Na+Mg+Mn+K+Sr in atom per formula unit based on 12.5 oxygen in 
epidote for the Crazy Creek samples. Grey line is line of best fit for all CC samples.  
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Table 3 Epidote bulk composition weight percent and atoms per formula unit values averaged for each sample 
based on 12.5-oxygen equivalent apfu.  ± one sigma error for bulk composition wt%. Abbreviations: b.d=below 
detection limit, n.a=not analyzed.   * Only one point analyzed. 
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Table 3 continued 
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Table 3 continued 
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Figure 20 compares Al(VI) against Fe3+ + Ti. CC-13 had the lowest Al(VI) and the 
highest Fe3+ and Ti values. CC-04A had values for both ends of the spectrum, making it 
the most variable of all of the epidote samples. However all the values fall on or very 
close to the 1:1 general trend of Fe3++Ti substituting for Al(VI). There is a very strong 
correlation for Al(VI) being substituted for Fe3++Ti in epidote in the Crazy Creek 
samples.  
 
Figure 20. Al(VI) plotted against Fe(3+)+Ti in atom per formula unit based on 12.5 oxygen in epidote 
for the Crazy Creek samples. Grey line is line of best fit for all CC samples.  
The same two plots were examined using data from the Nickel Offset Mine and the Foy-
Hess Intersection (Figure 21, 22 and 23, 24 respectively). Five samples from each locality 
were examined. At the Nickel Offset Mine the samples NOM-02 and NOM-06 were 
consistent. NOM-03 was variable in Mg, Ti, K, Cl and Sr. NOM-05 was variable in Mg. 
Lastly, NOM-09 had widespread values for Na, Mg and Ti. For Figure 21, each of the 
Nickel Offset Mine samples have similarly spread out values. The Ca versus 
Na+Mg+Mn+K+Sr does not plot near the line and this is believed to be due to a missing 
element or suite of elements like the REEs.  
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Figure 21. Ca plotted against Na+Mg+Mn+K+Sr in atom per formula unit based on 12.5 oxygen in 
epidote for the Nickel Offset Mine samples. Grey line is line of best fit for all NOM samples.   
 
Figure 22. Al(VI) plotted against Fe (3+)+Ti in atom per formula unit based on 12.5 oxygen in 
epidote for the Nickel Offset Mine samples. Grey line is line of best fit for all NOM samples.  
At the Foy-Hess Intersection samples FH-02, FH-03, FH-08, FH-10 were consistent in all 
elements analyzed. FH-04A was variable in Ti and Cl values. The sample FH-02 has 
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lower Na+Mg+Mn+K+Sr (0-0.025 apfu) and Al(VI) (2.2-2.4 apfu) values and higher 
Fe3++Ti (0.625-0.825 apfu) values. FH-04A has middle to high Na+Mg+Mn+K+Sr 
(0.009-0.068 apfu) values, the most variable Ca (1.90-1.98 apfu) and Al (2.32-2.63 apfu) 
values of the five samples and low Fe3++Ti (0.4-0.7 apfu) values. FH-08 Ca values 
cluster around 1.96 apfu and Na+Mg+Mn+K+Sr values cluster 0.01 apfu. FH-08 also has 
high Fe3++Ti (0.675-0.775 apfu) values and low Al (2.25-2.35 apfu) values. FH-10 has 
variable Ca (1.92-1.99 apfu) and Al (2.2-2.53 apfu) values, high Fe3++Ti (0.5-0.82 apfu) 
values, and low Na+Mg+Mn+K+Sr (0.008-0.05 apfu) values.  
 
Figure 23. Ca plotted against Na+Mg+Mn+K+Sr in atom per formula unit based on 12.5 oxygen in 
epidote for the Foy-Hess Intersection samples. Grey line is line of best fit for all FH samples. 
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Figure 24. Al(VI) plotted against Fe (3+)+Ti in atom per formula unit based on 12.5 oxygen in 
epidote for the Foy-Hess Intersection samples. Grey line is line of best fit for all FH samples.  
The most predominant trend found in the epidote samples was plotting Al(VI) against 
Fe3++Ti (Figure 25). All three localities found that as Al(VI) decreases, Fe3++Ti increases 
with a slope of -0.9096x +2.8001 with R2=0.9777. For the Nickel Offset Mine samples 
the R2 value of the line of best fit is 0.9859, whereas for Crazy Creek R2=0.9734. The 
largest R2 value for these two elements was 0.9944 for the Foy-Hess Intersection. The 
Foy-Hess Intersection has higher Al(VI) (2.2-2.42 apfu) and lower Fe3++Ti (0.6-0.825 
apfu) values than the Nickel Offset Mine. The Crazy Creek locality is more widespread. 
In general, the Nickel Offset Mine samples are higher in Fe3++Ti (0.58-1.050 apfu) and 
lower in Al(VI) (1.95-2.43 apfu) than the other two localities with Crazy Creek 
overlapping in values. The Nickel Offset Mine has an average of 0.75 apfu of Fe3++Ti 
substituting for Al(VI) with a maximum of 1.00 apfu and a minimum of 0.26 apfu. The 
Foy-Hess Intersection has an average 0.65 apfu of Fe3++Ti substituting for Al(VI) with a 
maximum 0.80 apfu and a minimum 0.39 apfu. The Crazy Creek property has an average 
of 0.73 apfu of Fe3++Ti substituting for Al(VI) with a maximum of 1.0 apfu and a 
minimum of 0.30 apfu.  
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Figure 25. Al(VI) plotted against Fe (3+)+Ti in atom per formula unit based on 12.5 oxygen in 
epidote for all localities. Grey line is line of best fit for all samples.  
The second strongest trend is between Ca and Na+Mg+Mn+K+Sr with a negative 
trendline for all three localities (Figure 26). The overall slope for the three localities was 
y=-0.6735x + 1.349 with an R2 value of 0.5745. The Foy-Hess Intersection samples are 
low in Na+Mg+Mn+K+Sr (0.0-0.07 apfu) and had a slope of y=-0.4784x +0.9581 with a 
low R2 value of 0.4547; whereas the Nickel Offset Mine were relatively higher in 
Na+Mg+Mn+K+Sr (0.01-0.11 apfu) and had a slope of y=-0.6647x +1.3301 with a 
relatively strong R2 value of 0.7026. While the Crazy Creek samples have the most 
variable data, the slope is y=-0.7605x +1.5303 indicating that Na+Mg+Mn+K+Sr 
substitutes for Ca, however, the R2 value is only 0.6461. Na+ and K+ could substitute 
through a coupled substitution with Ca2+ (Na+ and Al) or (K+ and Al) substitutes for (Ca2+ 
and Si). Crazy Creek was the first set of samples put on the electron microprobe in 2015 
and was not analyzed for Mn. This could account for some of the missing data to bring 
the Crazy Creek samples slope closer to -1. The Crazy Creek property had an average of 
0.044 apfu of Na+Mg+Mn+K+Sr substituting for Ca with a maximum of 0.2 apfu and a 
minimum of 0.007 apfu. The Foy-Hess Intersection has an average of 0.026 apfu of 
Na+Mg+Mn+K+Sr substituting for Ca with a maximum of 0.067 apfu and a minimum of 
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0.0079 apfu. The Nickel Offset Mine has an average of 0.040 apfu of Na+Mg+Mn+K+Sr 
substituting for Ca with a maximum of 0.1 apfu and a minimum of 0.0081 apfu. 
 
Figure 26. Ca plotted against Na+Mg+Mn+K+Sr in atom per formula unit based on 12.5 oxygen in 
epidote for all localities. Grey line is line of best fit for all samples.  
3.3.2 Major element results for chlorite 
The compositions of chlorite from three samples from Crazy Creek, from three different 
host rocks/vein types were determined. The chlorites in all of these samples are in the 
host rock within 0.5 to 1 centimetre of the vein, with some of them partially replacing 
biotite. CC-08 is from a metabreccia with a chalcopyrite-pyrite vein crosscutting it in 
polished thin section. CC-10 is a sample of an amphibole vein that intersects an epidote-
quartz vein in Levack Gneiss in polished thin section. CC-13 is also from a metabreccia 
with an epidote-quartz vein crosscutting it in outcrop scale. The chlorites in CC-08 
contained 940 ppm to 1780 ppm, which could be due to the sulfide vein in this sample 
since the chlorite forms along the edge of the sulfide vein. One of the chlorite analyses 
from CC-13 contained 700 ppm of Ni as well, which could be due to sulfides within the 
host rock or could be part of the chlorite chemical structure. The only other chlorite 
sample that displayed a value for nickel was on a chlorite in FH-10 with 800 ppm. Table 
4 contains the average values of bulk composition weight percents and apfu for each 
sample from all properties. 
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Some chlorites analyzed were removed from graphs below due to low weight percent 
totals, with the cut off being 85%. The chlorites analyzed on the microprobe were 
classified based on the diagram of Hey (1954). The Crazy Creek samples were primarily 
pycnochlorite other than four chlorites (one from each CC-10 and CC-13, and two from 
CC-08), which were classified as ripidolite (Figure 27). The Nickel Offset Mine samples 
were predominantly ripidolite, except for several spots in NOM-05 and one spot in 
NOM-03 that were pycnochlorite. All of the Foy Hess Intersection samples were 
classified as ripidolite. 
For the samples that were analyzed for both biotite and chlorite, a comparison of the 
average Mg/Fe weight percent was made in order to determine whether or not the chlorite 
was an alteration product of biotite (Figure 28). It was seen in the polished thin sections 
that some biotites were partially altered to chlorite; therefore the microprobe was used to 
determine if all the chlorites were an alteration product of the biotites. Only five points 
were plotted on the graph, as there were only five samples where both the biotite and 
chlorite were present with large enough crystals to be probed. It was determined for all 
samples analyzed that biotite did alter to form chlorite, as these values were near the one 
to one line. NOM-09 plotted on the opposite side of the graph compared to the other 
samples, this is because it was an iron-rich sample for both biotite and chlorite, whereas 
the other samples were magnesium-rich. 
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Table	4.	Chlorite	bulk	composition	weight	percent	and	atoms	per	formula	unit	values	averaged	
for	each	sample	based	on	a	28-oxygen	equivalent	apfu.		±	one	sigma	standard	deviation	for	bulk	
composition	wt%	and	apfu.	Abbreviations:	b.d=below	detection	limit,	n.a=not	analyzed.					*	only	
one	point	analyzed.	
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Figure 27. Classification Diagram of Chlorite. Classificatio n diagram based on Hey(1954). 
 
Figure 28. Average Mg/Fe wt % in biotites and chlorites, revealing the chemistry of the chlorites was 
similar to that of the biotites in the same samples. The grey line is a line of best fit and the black line 
is a 1:1 line. Legend: Red- CC-08, green- FH-03, blue- FH-10, purple- NOM-03, black- NOM-09. 
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Chlorite had two substitution relationships between elements Si and Al(IV), as well as 
Mg being substituted by Fe2+, Mn, and  Al(VI) (Figure 29 and 30). Si vs. Al(IV) has a 
one-to-one substitution ratio due to site filling assumptions. Although this plot has to be a 
one-to-one ratio, a trend of decreasing Si apfu and increasing Al(IV) apfu can be seen 
with increasing distance from the SIC. In Figure 29 below, Crazy Creek has the greatest 
variability in Si and Al(IV) apfu values, ranging from 5.51-6.0 apfu for Si and 2-2.5 apfu 
for Al(IV). Nickel Offset Mine samples slightly less variability with Si between 5.32-
5.77 apfu and Al between 2.23-2.68 apfu. The Foy-Hess Intersection has less variability 
but this could be due to fewer points analyzed; for the Foy-Hess Intersection Si ranges 
from 5.35-5.60 apfu and Al is between 2.4- 2.65 apfu. For Mg vs. Fe2++Al(VI)+Mn the 
slope of the line of best fit is y=-1.0111x +11.9991, and the R2 value of this line is 
0.9973. Therefore, both of these substitution relationships were 1:1 ratios for all chlorites 
analyzed. But when comparing Mg against the combined Fe2++Al(VI)+Mn the Nickel 
Offset Mine samples were distributed in two clusters, and the other two properties were 
inline with the high range of Mg (4.5-6.0 apfu) of the Nickel Offset Mine samples. The 
Nickel Offset Mine samples had two separate clusters because one cluster was an iron-
rich ripidolite and the other was a magnesian-rich ripidolite and pycnochlorite. 
 
Figure 29. Si Vs. Al(IV) in chlorite for all samples. The grey line is the line of best fit. 
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Figure 30. Mg Vs. Fe2++Al(VI)+Mn in chlorite for all sample locations. The grey line is the line of best 
fit. 
The three Crazy Creek samples analyzed for chlorite were quite different. For Mg plotted 
against Fe2++Al(VI)+Mn each sample has its own range with only slight overlap between 
the samples (Figure 31). CC-08 has the highest Fe2++Al(VI)+Mn (6.8-7.35 apfu) and the 
lowest Mg (4.5-5.1 apfu), CC-10 has the middle range of both and CC-13 has the lowest 
Fe2++Al(VI)+Mn (5.9-6.78 apfu) and highest Mg (5.2-6.0 apfu) value. The grey line on 
Figure 31 has a slope of y=-0.9802x +11.8073 and a R2 value of 0.9793. 
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Figure 31. Mg Vs. Fe2++Al(VI)+Mn for all Crazy Creek samples. Grey line is line of best fit. 
The Nickel Offset Mine samples have more overlap in the apfu values for the two 
substitution relationships than the Crazy Creek samples (Figure 32). NOM-9 had the 
lowest Mg (2.3-2.8 apfu) but the highest Fe2++Al(VI)+Mn (9.2-9.7 apfu) values. The Mg 
and Fe2++Al(VI)+Mn apfu are very similar for the three other Nickel Offset Mine 
samples with high Mg (4.9-5.35 apfu) and low Fe2++Al(VI)+Mn (6.55-7.1 apfu) values. 
 
Figure 32. Mg Vs. Fe2++Al(VI)+Mn in chlorite for all Nickel Offset Mine samples. Grey line is line of 
best fit. 
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3.3.3 Major element results for biotite 
Biotites from one sample from the Crazy Creek property, two samples from the Nickel 
Offset Mine and three samples from the Foy-Hess Intersection were analyzed. Some 
analyses were removed due to low weight percent totals; the cut off for biotite weight 
percent totals in this study was 84%. All biotite crystals selected were within the hematite 
alteration halo. The biotite analyzed on the Crazy Creek property was more iron-rich, 
whereas of the two Nickel Offset mine samples analyzed, one was iron-rich and the other 
was very close to equal quantities of iron and magnesium (Table 5). All the Foy-Hess 
Intersection samples were close to equal amounts of iron and magnesium. There was 
1330-1480 ppm of Ni in biotite in CC-08, which could be due to the chalcopyrite vein 
cross-cutting the sample. There was also the presence of Ni in FH-6 of 690 ppm, which 
could be due to inclusions of sulfides in the sample. Each of the samples was plotted on a 
biotite composition classification ternary plot to determine what type of dark mica was in 
each sample (Figure 33). Most of the biotites were classified as iron biotite but two of the 
points analyzed from the Nickel Offset Mine samples were identified to be siderophyllite.  
There were two substitution relationships commonly found in the literature, the 
relationship between Si and Al(IV) and between Mg and Fe2++Mn+Al(VI). The exchange 
reaction can be written as Si(IV) + M2(VI) = Al(IV) + Al(VI) where M2 is a bivalent 
cation such as Mg, Fe, or Mn. The first substitution relationship holds true for all three 
properties, which was indicated by the 1:1 ratio with a slope of -1. The biotite from the 
Foy-Hess Intersection samples had slightly higher Al(IV) and lower Si apfu values than 
the other two properties.  
The second substitution relationship between Mg and Fe2++Mn+Al(VI) was less defined; 
this could be due to a missing element. Ni, Cr and Ti were added to determine if this 
addition would have an affect on the slope, which it did not because there were very few 
samples with Ni and Cr and the values above detection limit were very small apfu 
quantities. The slope of all the samples was y=-0.9868x + 3.7735 with R2=0.8578 (Figure 
34).  The graph for Mg versus Fe2++Mn+Al(VI) for the Nickel Offset Mine has a slope of 
y=-1.0754 + 3.8872 and R2=0.9911, which indicates that this substitution at this location 
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is very close to a 1:1 ratio (Figure 35). The trendline on the graph was for all the Foy-
Hess Intersection samples; this line had a slope of y=-0.7393x + 3.4687 and  R2=0.4345 
(Figure 36). 
 
Figure 33. Biotite composition classification ternary diagram. Legend: Nickel Offset Mine=blue, Foy-
Hess Intersection=black, and Crazy Creek=red. Diagram modified after Sun and Yu (1989). 
 
	 	 	 	 61	
Table 5. Biotite	bulk	composition	weight	percent	and	atoms	per	formula	unit	values	averaged	for	each	
sample	based	on	a	11-oxygen	equivalent	apfu.		±	one	sigma	standard	deviation	for	bulk	composition	
wt%	and	apfu.	Abbreviations:	b.d=below	detection	limit,	n.a=not	analyzed.			*	Only	one	point	analyzed.	
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Figure 34. Mg Vs. Fe2++Mn+Al(VI) in biotite for all samples. Grey line is line of best fit. 
 
Figure 35. Mg Vs. Fe2++Mn+Al(VI) in biotite for the Nickel Offset Mine samples. Grey line is line of 
best fit. 
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Figure 36. Mg Vs. Fe2++Mn+Al(VI) in biotite for all Foy-Hess Intersection samples. Grey line is line 
of best fit. 
3.3.4 Major element results for amphibole 
All amphiboles analyzed in this study were calcic amphiboles due to their Ca apfu being 
greater that 1.50 based on Leake et al. (1997). There were substitution relationships 
between Si and Al(IV), Mg and Fe2++Fe3++Ni+Mn+Cr+Al(VI)+Ti, Ca and Na is the final 
substitution relationship for these amphiboles. All three of these substitution relationships 
for amphibole are 1:1 ratios. Table 6 displays the average bulk composition weight 
percents and apfu for each sample. 
The Crazy Creek and the Foy-Hess Intersection samples tended to have more 
magnesium-rich amphiboles, whereas the Nickel Offset Mine samples were more iron-
rich amphiboles. This was demonstrated through the amphibole classification diagram 
below (Figure 37). The Crazy Creek samples ranged over three magnesium-rich 
categories: tschermakite, magnesio-hornblende and actinolite. The Nickel Offset Mine 
samples were classified into two iron-rich categories ferro-hornblende and ferro-
actinolite. Finally the Foy-Hess Intersection samples were categorized into three different 
groups: actinolite, ferro-hornblende and magnesio-hornblende.  
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Table 6. Amphibole	bulk	composition	weight	percent	and	atoms	per	formula	unit	values	averaged	for	
each	sample	based	on	a	23-oxygen	equivalent	apfu.		±	one	sigma	standard	deviation	for	bulk	
composition	wt%	and	apfu.	Abbreviations:	b.d=below	detection	limit,	n.a=not	analyzed.			*	only	one	
point	analyzed. 
 
	 	 	 	 65	
Table 6 continued.  
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Figure 37. Amphibole Classification Diagram. Legend: Nickel Offset Mine=blue triangles, Foy-Hess 
Intersection=black circles, and Crazy Creek=red squares. 
In general, as Si apfu decreases Al(IV) apfu increases for all samples. This substitution 
relationship is set to 8.00 with the leftover Al amounts converted into Al(VI). The Nickel 
Offset Mine samples and the Foy Hess Intersection samples have a similar range of high 
Si (6.8-7.9 apfu) values and low Al(IV) (0.1-1.2 apfu) values. Meanwhile, the range for 
the Crazy Creek samples was high Al(IV) (1.8 apfu) values and low Si (6.2 apfu) values. 
As distance from the impact structure increases, the amount of Al(IV) apfu decreases and 
the Si apfu increases. The Crazy Creek samples had quite a large range, which was due to 
the multiple types of amphibole present. The low end of Si (6.2–6.5 apfu) was 
tschermakite, the high end (7.5–7.85 apfu) was actinolite, and the middle of this range 
(6.5–7.5) was magnesio-hornblende.  
The next substitution relationship was between Mg and Fe2++Fe3++Ni+Mn+ 
Cr+Al(VI)+Ti apfu (Figure 38). The slope of this relationship was y=-0.9852x +4.9102 
with R2 =0.9893. The Crazy Creek and the Foy Hess Intersection samples had high Mg 
(2.25-4.10 apfu) values and low Fe2++Fe3++Ni+Mn+Cr+Al(VI)+Ti (0.9-2.7 apfu) values, 
while the Nickel Offset Mine samples have low Mg (1.3-2.15 apfu) values and high 
Fe2++Fe3++Ni+Mn+ Cr+Al(VI)+Ti (2.75-3.60 apfu) values. Several of the Crazy Creek 
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samples in the bottom right area of the graph plot off the main trendline. A possible 
explanation for this was that CC-13 and CC-14 were classified as tschermakite and low 
Si magnesio-hornblende, whereas the high magnesio-hornblende and actinolite samples 
from Crazy Creek do plot directly on this trendline. The final substitution relationship 
was Ca and Na for which had a 1:1 slope with the Crazy Creek samples and the Foy Hess 
Intersection samples had similar values, whereas the Nickel Offset Mine samples had 
more of a sporadic display due to less samples from the Nickel Offset Mine analyzed 
(Figure 39). Table 7 is provided below as a summary of the main observations and 
features seen at each of the three properties and will be referred back to in the discussion. 
 
Figure 38. Mg Vs Fe2++Fe 3++Ni+Mn+Cr+Al(VI)+Ti For Amphibole In All Samples. Grey line is line of 
best fit. 
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Figure 39. Ca Vs. Na for amphibole in all samples. Grey line is line of best fit. 
Table	7-	Summary	of	field	observations	and	analyses	of	samples	done	at	all	three	study	locations,	with	
distance	from	SIC	is	given	below.	
 
Crazy Creek 
Proximal (~ 5 km) 
Nickel Offset Mine 
Medial (~10 km) 
Foy-Hess Intersection 
Distal (~ 15 km) 
Deformation 
Features 
Kink banding in biotite, 
polycrystalline quartz, 
intergrowth of albite and 
labradorite 
None None 
Grain Size of 
Epidote 10-250 microns  30-500 microns  up to 600 microns 
Chloritization of 
Biotite Yes Yes Yes 
Host Rocks 
Levack Gneiss, 
Nippissing Diabase, 
Metabreccia, Sudbury 
Breccia 
Archean Granite Foy Offset Dyke 
Vein Types  
Epidote-Quartz, Quartz-
Albite, Sulphide, 
Amphibole 
Epidote-Quartz, Quartz-
Albite Epidote-Quartz 
Epidote 
Composition 
NW-SE 
High Ca and low 
Na+Mg+Mn+K+Sr 
(CC-04, CC-10, CC-14) 
High Ca and low 
Na+Mg+Mn+K+Sr 
(NOM-06, NOM-09) 
High Ca and low 
Na+Mg+Mn+K+Sr 
(FH-08 and FH-10) 
Epidote 
Composition 
E-W 
N/A 
Lower Ca and higher 
Na+Mg+Mn+K+Sr 
(NOM-03) 
N/A 
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Epidote 
Composition 
NE-SW 
High Ca and low 
Na+Mg+Mn+K+Sr 
(CC-05) 
high Ca and low 
Na+Mg+Mn+K+Sr 
(NOM-02, NOM-05) 
High Ca and low 
Na+Mg+Mn+K+Sr 
(FH-02, FH-03) 
Epidote 
Composition 
NE-SW 
low Ca and high 
Na+Mg+Mn+K+Sr 
(CC-13) 
N/A 
Low Ca and high 
Na+Mg+Mn+K+Sr 
(FH-04) 
 
3.4 X-Ray Diffraction 
XRD patterns were collected on three samples from the Crazy Creek property; SUD-SC-
006 (CC-06), SUD-SC-010 (CC-10), and SUD-SC-015 (CC-15). SUD-SC-006 was 
confirmed to be an epidote vein surrounded by albite, phlogopite, quartz and titanite. 
SUD-SC-010 was identified as an actinolite vein. Sample SUD-SC-015 was an epidote 
vein with two different colours of epidote (pale green and pistachio green). The epidote 
was found to be the exact same type of epidote (Figures 40 and 41). The epidote appeared 
to be composed of both large and small crystals based on the GADDS images (Figure 42 
and 43). These figures contain streaks, which indicates that the epidote has undergone 
some strain or shock. 
 
Figure 40. Diffraction pattern of SUD-SC-015 spot 1. Image in top right is the spot analyzed. The 
part analyzed contained both epidote and quartz. 
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Figure 41. Diffraction pattern of SUD-SC-015 spot 2. Image in top right is the spot analyzed. The 
part analyzed contained both epidote and quartz. 
 
Figure 42. GADDS image of spot one of sample SUD-SC-015. This spot is the spot one of the epidote 
vein. 
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Figure 43. GADDS image of spot two of sample SUD-SC-015. This spot is the spot two of the epidote 
vein. 
3.5 Fluid Inclusions  
The fluid inclusions observed in the hydrothermal veins on the Crazy Creek property 
were primarily found in epidote or quartz. Most of the fluid inclusions found in the quartz 
veins were single-phase and two-phase inclusions (L+V) less than 1 micron in size. The 
vapour phase in the two-phase inclusions was to approximately 10% vapour. There were 
three types of fluid inclusions that were observed in epidote. These are single-phase (L), 
two-phase (L+V), and three-phase (L+V+S). The two-phase inclusions contained up to 
10% vapour. The three-phase inclusions are less than 2 microns in size and are comprised 
of approximately 10–20% vapour and 10% solid in the form of a cube. These were 
present as isolated inclusions but locally there were two or three inclusions clustered 
together in a single crystal with different liquid vapour ratios than the inclusions that 
formed in lines and are interpreted as potentially being primary. The majority of 
potentially secondary fluid inclusions found in these polished thin sections were less than 
1 micron in size. These secondary fluid inclusions cut across grain boundaries indicating 
that they were most likely secondary. 
The fluid inclusions in the samples collected from the Nickel Offset Mine were only 
observed in epidote-quartz veins. The polished thin sections were composed of both 
single-phase and two-phase inclusions with the former being more common. No primary 
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fluid inclusions were observed in these samples as both single-phase and two-phase fluid 
inclusions occur as planes of secondary inclusions consistently that cross grain 
boundaries. The single-phase inclusions formed a well-spaced line that cross crystal 
boundaries, whereas the two-phase inclusions formed in a clustered line that cross crystal 
boundaries. Because of the small size of the fluid inclusions, less than 1-2 microns 
across, microthermometric analyses were not possible. 
The fluid inclusions in the epidote and quartz veins from the Foy-Hess Intersection 
property were mainly secondary inclusions that cross crystal boundaries and were less 
than a micron in size. The polished thin sections from this locality were mainly composed 
of single-phase (L) and two-phase (L+V) fluid inclusions. There were several primary 
two-phase fluid inclusions across the polished thin sections from this locality that were 
isolated inclusions. There were also secondary two-phase and single-phase inclusions that 
cross crystal boundaries. 
Sample CC-11 from the Crazy Creek property was chosen as the best candidate for 
measuring the temperature of the fluid due to infrequent three-phase fluid inclusions 
believed to be primary (Figure 44). Unfortunately these inclusions could not be found 
after the sample was broken into pieces for analysis. 
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Figure 44. Photomicrograph of potentially primary three-phase fluid inclusion indicated by the red 
arrows and potentially secondary two-phase fluid inclusions, which are indicated by the blue arrows 
in polished thin section CC-11 in plain polarized light. 
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4. Discussion 
The following section will evaluate the observed changes in hydrothermal alteration 
along the Foy Offset Dyke in terms of vein orientation, petrography and mineral 
chemistry. This is separated into five sections. The first three sections discuss the 
structural, mineralogical and geochemical variation at Crazy Creek, Nickel Offset Mine 
and Foy-Hess Intersection, respectively. The fourth section is an assessment of the 
possible structural controls on the hydrothermal veining occurring along the Foy Offset 
Dyke. The final section examines how the vein orientations, petrography and mineral 
chemistry of the hydrothermal veins changed with increasing distance from the SIC and 
why this occurred. 
4.1 Structural, mineralogical and geochemical variation at Crazy Creek 
The epidote-quartz veins in the more southern portion of the Crazy Creek locality tend to 
be oriented SW-NE, whereas those in the northern portion are more strongly oriented 
NW-SE (Figure 5). There were many features seen in polished thin sections: kink 
banding in biotite, polycrystalline quartz, and fibrous albite and an intergrowth of albite 
and labradorite. None of these features can be seen in the vein therefore; the host rock has 
been deformed before the epidote-quartz vein formed. Some of these features could have 
formed due to shock, although there were no shattercones present at this locality, 
therefore it is likely less than ~2 GPa of shock pressure (Milton, 1977; Roddy and Davis, 
1977). The other two localities do not display this feature, which suggests that the Crazy 
Creek locality underwent higher levels of shock or deformation than the localities that are 
further away from the SIC. This was expected because Crazy Creek was closer to the 
point of impact (Boast and Spray, 2006; Golightly, 2009).  
There was a grain-size change in the epidote-quartz veins in the northern half of the 
property. This grain size increase toward the centre of the vein was also seen in the 
Epidote Zone in the Farrow and Watkinson (1992) study, who interpreted this as being 
due to the cooling of the hydrothermal fluid causing the outer edges of the vein to cool 
faster resulting in a smaller grain-size. Meanwhile, the larger crystals in the middle of the 
vein had a longer cooling period. Chloritization of biotite is present within 0.5 to 2 
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centimetres from the quartz-epidote veins in polished thin section. This feature is 
observed in polished thin section and in the field. This alteration is interpreted to have 
occurred as the vein was forming because this chloritization occurred in close proximity 
to the vein but did not appear any further than 15 centimetres from the epidote-quartz 
veins. Therefore, it can be concluded that the chloritization of biotite appears to be related 
to the epidote-quartz veins. 
In the southern most portion of the property only the compositions of epidote were 
determined. These epidote-quartz veins are hosted in metabreccia, and orientationed NW-
SE. This is in contrast to most of the other veins in the southern part of the property, 
which have a NE-SW orientation hosted in metabreccia. The compositions of epidote in 
these veins on the southern portion of the property (CC-04A and CC-05) varied even 
though they had the same host rock and vein type. The Ca for CC-05 (1.875–1.985 apfu) 
was notably lower and more widespread than that of CC-04A (1.945–1.99 apfu). This 
was similar for Na+Mg+K+Sr, where CC-05 was higher and more variable while CC-04 
was more clustered in the lower region of Na+Mg+K+Sr. However, these two veins have 
similar ranges of Al and Fe3++Ti apfu. This may be due to the occurrence of multiple 
hydrothermal fluid events in this area or that some of the veins have undergone more 
intense alteration as seen in the Farrow and Watkinson (1992) study. Farrow and 
Watkinson (1992) found that the epidote in the Epidote Zone increased in Fe 
concentration with increasing alteration and decreased in Ca and Al contents. The 
locations with most alteration, the amphibole and the chlorite also had higher Fe content, 
with trace amounts of Cl content in each mineral (Farrow and Watkinson, 1992). 
The epidote in the vein of CC-04A (southern part of Crazy Creek) and the epidote in the 
host rock in close proximity to the vein of CC-08 (northeastern part of Crazy Creek) have 
very similar mineral chemistry and petrography of the host rocks but their vein types 
were different. Both epidotes have low Na+Mg+K+Sr (0.01–0.05 apfu) and high Ca 
(1.94–1.99 apfu) (Figure 19). Both CC-04A and CC-08 had one outlier, for CC-04A it 
was low Ca (1.83 apfu) and high Na+Mg+K+Sr (0.20 apfu); for CC-08 it was abnormally 
high Ca (2.1 apfu) and Ti (0.51 apfu) and low in Na+Mg+K+Sr (0.02 apfu) Al (1.8 apfu) 
and Fe3+ (0.6 apfu). This could reflect a bad analysis, particularly if there was a mixture 
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of minerals, but overall both analyzes were considered good analyzes because their 
stoichiometries are consistent with epidote, therefore this was not likely the case. 
Disregarding the two abnormal points between CC-04 and CC-08, the similarity of the 
epidote compositions indicates that both veins (epidote-quartz and chalcopyrite-pyrite 
veins) could have come from the same hydrothermal event because of their similar 
epidote geochemistries. It is likely that all veins in this study came from the hydrothermal 
system that formed below the SIC, but due to the lack of fluid inclusions available for 
analysis, it cannot be said with certainty which hydrothermal event of this system these 
veins came from without fluid composition and temperature of the fluid. Tuba et al., 
(2014) suggests that there are three different hydrothermal events within the 
hydrothermal system below the SIC but without fluid composition or temperature, this 
study cannot say which event it came from. 
Compositions vary not only at the outcrop scale but there was also variability within each 
polished thin section itself. For example in sample CC-05, there was large variation 
between different epidote crystals measured within the vein. One hypothesis for the 
changes in the mineral chemistry of each epidote was that the some of the epidote 
crystals were re-equilibrated from their original chemistry. Some of the epidote veins that 
had different orientations within one polished thin section had very similar mineral 
chemistry. For example, in polished thin section CC-04A there were two epidote veins 
that intersected at almost 90° and yet their mineral chemistry was nearly identical. Due to 
the scale of these two veins and not being seen in outcrop scale, it is suggested that the 
mineral chemistry similarity is due to the same fluid filling those two micro-fractures. 
This hypothesis on structural controls on vein emplacement will be discussed below. 
When comparing the minerals found in the vein (epidote) and the minerals found in the 
host rock (chlorite, biotite, and amphibole) it was determined that epidote and biotite, in 
the host rock, were iron-rich whereas chlorite and amphibole were magnesium-rich. Only 
one sample had biotite that was readily available and clean enough for analyzing. Most of 
the biotite found in the Crazy Creek samples appeared to have been altered to chlorite. 
For this reason only one Crazy Creek sample was plotted on the biotite/chlorite average 
Mg/Fe weight percentage comparison graph (Figure 28). This point on the graph has a 
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higher average for chlorite than biotite and is furthest from the line of best fit of all the 
samples. This potentially could be due to chlorite being formed through the alteration of 
magnesium-rich amphibole or there could have been both iron-rich and magnesium-rich 
biotite in the sample, potentially only the iron-rich biotites were analyzed due to size and 
least amount of alteration and it was compared to a magnesium-rich chlorite. 
Chlorite from all three samples at Crazy Creek (CC-13, CC-10, and CC-08) were 
categorized as mainly pycnochlorite with one to two points on each that were classified 
as ripidolite. This indicates that there were two types of chlorite in each sample. Both 
types of chlorite have approximately the same ratios of iron and magnesium, the main 
element that changes which type of chlorite it is, is the apfu of silicon. The two different 
types of chlorite can support the hypothesis above that some of the biotite at the Crazy 
Creek property might have been more magnesium-rich than others. 
The amphiboles analyzed in the Crazy Creek samples were magnesium-rich but classified 
into three different amphibole types: actinolite (CC-10, CC-13, and CC-14), magnesio-
hornblende (CC-13 and CC-14) and Tschermakite (CC-13 and CC-14). Samples CC-13 
and CC-14 had some values off of the 1:1 trendline in Figure 38 due to the differences in 
Mg and Fe in the Tschermakite. The rest of the substitution relationships for amphibole 
the Crazy Creek samples plot on the 1:1 trendline (Figure 39). However Crazy Creek was 
the most widespread of the sample sets which was believed to be due to the multiple end 
members of amphibole represented. It was not believed that the results of the amphibole 
analyses from the host rock were directly related to the vein type, orientation or host rock 
because none of the samples had the exact same setting. 
4.2 Structural, mineralogical and geochemical variation at Nickel Offset Mine 
There are three vein orientations represented in the mineral chemistry data from the 
Nickel Offset Mine. The most dominant trend among the epidote-quartz veins was NE-
SW, followed by NW-SE and there were only a couple of veins that are orientated E-W. 
These orientations of the epidote-quartz veins do not have a preferred orientation on one 
side of the property versus another. All three orientations can be seen on both sides of the 
property, with the first six samples taken from the northeastern side of the property and 
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the last four taken from the southwestern side of the property. NOM-02 and NOM-05 
represent the NE-SW trend characterized by high Ca (1.93–1.98 apfu) and low 
Na+Mg+K+Sr (0.010–0.055 apfu) in epidote. NOM-06 and NOM-09 make up the NW-
SE trend categorized by middle to low range of Na+Mg+K+Sr (0.01–0.05 apfu) and 
middle to high range of Ca (1.92–1.99 apfu) in epidote. NOM-09 is much more 
widespread than NOM-06, but this could be due to having more data points. NOM-03 
represents the E-W orientation with lower Ca and higher Na+Mg+K+Sr apfu values in 
epidote than the other samples. All three orientations have very similar values and spread 
in terms of the Al and Fe+Ti apfu.  
The epidote-quartz veins on the Nickel Offset Mine property had a noticeable grain size 
variation from the edges of the vein to the middle of the vein. The edges of the vein were 
very fine-grained whereas the middle had a slightly larger grain size. This could indicate 
one of two things, first that the middle of the vein had more time to cool as it was not in 
contact with the cold country rocks; or the edge of the vein was finer-grained due to two 
generations of epidote from fluids that flowed through the same fractures (Zieg and 
Marsh, 2002). The first generation could have been a finer-grained epidote from a very 
hot fluid coming into contact with the cold host rock, then as the first generation cooled, 
the fracture became larger allowing the second generation of fluid to flow through and 
cool more slowly allowing larger crystals to form. The former option seems more likely 
as the flow of the vein would be relatively fast and cool faster because of the width of the 
veins being only a couple of millimetres to a centimetre.  
When comparing the general chemistry of the vein, in terms of iron- versus magnesium-
rich to that of the host rock, it was found that they were quite similar in some samples but 
dissimilar in others. For example, in NOM-09 it was found that all minerals analyzed 
were iron-rich. Unfortunately, amphibole in other Nickel Offset Mine samples were not 
analyzed based on NOM-09 it can be extrapolated that the amphibole is likely to be 
similar to that of the biotite and chlorite found within the host rock. The epidote veins on 
the Nickel Offset Mine were all iron-rich but all the chlorite was magnesium-rich 
(excluding NOM-09) and only one other sample was analyzed for biotite (NOM-03), 
which was found to be nearly equal quantities iron and magnesium. While NOM-09 was 
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composed of entirely iron-rich minerals, it was not only one end member of each mineral. 
For example, the amphibole found in NOM-09 was both ferro-actinolite and ferro-
hornblende. Figure 28 shows that both NOM-03 and NOM-09 chlorites are derived from 
biotite. The difference of where they are situated on the graph is because NOM-03 is 
magnesium rich, whereas NOM-09 is iron-rich causing them to be at opposite ends of the 
graph. Both values plot close to the 1:1 line, which indicates that it is very likely that 
these chlorites were altered from biotite. 
4.3 Structural, mineralogical and geochemical variation at Foy-Hess 
Intersection 
All of the epidote-quartz veins from the Foy-Hess Intersection property cut the Foy 
Offset Dyke, in contrast to the Hess Offset Dyke, which is not cut by epidote-quartz 
veins. There were two dominant orientations found on the Foy Offset Dyke, the first 
being NW-SE and the second NE-SW (Table 7). All veins examined under polished thin 
section displayed a grain size change within the vein itself, independent of the orientation 
of the vein. The middle of the vein was coarser grained than that of the edges of the vein. 
All NW-SE epidote-quartz veins on the property, which were represented by samples 
FH-08 and FH-10, have epidote with Ca and low Na+Mg+K+Sr apfu. By contrast, the 
NE-SW epidote-quartz veins are more complex. These veins had to be separated into two 
groups: high Ca and low Na+Mg+K+Sr, and low Ca and high Na+Mg+K+Sr. The former 
group was represented by FH-04, in which only epidote was analyzed and the latter group 
was represented by FH-02 and FH-03, for which both samples were analyzed for epidote 
and amphibole and one of the each of the samples analyzed for biotite or chlorite. These 
properties are summarized in Table 7. 
The epidote from the Foy-Hess Intersection is iron-rich but it is the least Fe-rich of all 
three properties. In comparison, in the host rock (Foy Offset Dyke) the chlorite was Mg-
rich ripidolite and the biotite was iron biotite. The amphibole analyzed in FH-02 and FH-
10 was actinolite; whereas, FH-03 and FH-06 were both comprised of three different 
amphiboles: ferro- and magnesio-hornblende as well as actinolite. The iron biotites 
located in the Foy Offset Dyke on the Foy-Hess Intersection property had some abnormal 
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values in Figures 34 and 36. It is believed that some of the biotite points from FH-02 and 
fall within the main trend in Figure 34 and that all the points analyzed from FH-06 and 
FH-10 fit within the main trendline. While the biotites analyzed in FH-02 have almost a 
horizontal slope (closer to zero than one), it is not understood as to why this occurs and 
future work will need to investigate this further.	
4.4 Structural controls and trends on vein emplacement with radial distance 
from the SIC 
As noted in the Introduction, there have been several previous studies that examined 
controls on epidote-quartz vein orientations (Tuba et al. 2014; Molnar et al. 2001; Pentek 
et al. 2008). One hypothesis is that the veins were controlled by structural features in the 
area like faults and the contact between the SIC and Levack Gneiss, which allowed the 
hydrothermal fluid to fill in these fractures (Molnar et al. 2001; Tuba et al. 2014).  Figure 
45 shows how the trends of the veins at each property allowing for a comparison of vein 
direction with distance from SIC to be made. 
	
Figure 45- Rose diagrams plotted on an equal area stereonet displaying the orientation of the 
epidote-quartz veins from: A) Crazy Creek (with a perimeter of 15%), B) Nickel Offset Mine (with a 
perimeter of 20%). C) Foy-Hess Intersection (with a perimeter of 25%). Diagrams made using 
Stereonet 10 ©. 
Several of the epidote-quartz veins at all three localities have rough edges and have 
minerals from the host rock within them (Figures 16 to 18). This suggests that as fluids 
flowed through fractures in the host rock, minerals at the edge of the fracture broke off 
causing it to be an inclusion within the vein. This is indicated by the inclusions being 
close to the edge of the vein and the jagged edges of the vein. In addition, evidence to 
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support the idea that these minerals were inclusions was that the compositions of these 
mineral inclusions were very similar to those near the vein, which will be discussed in the 
next section.  
The Foy-Hess Intersection had the greatest amount of veins per outcrop, followed by 
Crazy Creek and finally the Nickel Offset Mine has the smallest number of veins per 
outcrop but also the smallest amount of outcrops. Hence, the number of veins did not 
decrease with increasing distance from the SIC. The Foy North outcrops examined in 
Pilles (2016) also found that there were hydrothermal veins in the furthest north region 
along the Foy. Therefore, there would not be a large difference in the percentage of 
epidote-quartz veins from location to location but there could be subtle differences, if a 
fault in the same general area had a different orientation than the rest. Although 
hydrothermal veins were not observed on the Hess Offset Dyke outcrops at the Foy-Hess 
Intersection in this study, Pilles (2016) reported that epidote-quartz veins are present 
southwest of the intersection along the Hess Dyke in the inclusion-bearing quartz diorite 
but not in the inclusion-free quartz diorite. In addition, Pilles (2016) reported that 
epidote-quartz veins are present further north of the intersection at the Foy North locality 
(Figure 1). It is believed that the amount of veins located on each property is due to the 
amount of fractures created by local faults and the main impact event. 
Another factor to take into consideration was that each property had a different host rock. 
Crazy Creek has a variety of host rocks with the most common host rock being 
metabreccia. The veins found on the Nickel Offset Mine property were all hosted in 
Archean granite, which was a rock type not specifically related to the Sudbury impact 
event. Finally, at the Foy-Hess Intersection almost all of the veins were hosted in the Foy 
Offset Dyke with very few (<10 veins) in Archean granite. While the metabreccia and the 
Foy Offset Dyke were part of the Sudbury structure, the Archean granite was not. This 
calls into question whether or not the hydrothermal veins found at the Nickel Offset Mine 
are related to the Sudbury hydrothermal activity around the time of the impact event. The 
hydrothermal alteration along the Foy Offset Dyke involves a larger variety of host rocks 
closer to the SIC and restricted to the dyke at the farthest study location from the SIC. 
This is consistent with the SIC and the dyke being the heat sources for the hydrothermal 
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alteration event. Therefore, it is believed that the Nickel Offset Mine hydrothermal veins 
are related to this hydrothermal activity because of the reason previously mentioned and 
these veins have an epidote mineral chemistry between the Crazy Creek samples and the 
Foy-Hess Intersection samples. This indicates that there was a change in mineral 
chemistry of the epidote with increasing distance from the SIC, which will be discussed 
in the next section. Inserted below is Table 8 describing the sequence and timing of 
events in the Sudbury region. It has been suggested by multiple studies that the 
extensional epidote-quartz veins are related to the SIC-driven hydrothermal system below 
the SIC affecting the footwall rocks and the offset dykes (Tuba et al. 2014; Penetek et al. 
2008; Molnar et al. 2001). This study also found epidote-quartz veins located along the 
Foy Offset Dyke and are believed to be part of the same hydrothermal system. This study 
is unable to determine which hydrothermal event of this hydrothermal system these veins 
most likely formed from due to lack of fluid inclusion data.  
Tuba et al. (2014) found that the extensional epidote-quartz veins at the Amy Lake Zone 
a NW-SE trend and this trend was structurally controlled by faults in the area. The NW-
SE trend of extensional epidote veins was common within the literature as well as at all 
three field locations. Pentek et al. (2008) also noted the orientation of epidote-quartz-
chlorite veins in the Broken Hammer area had an equivalent strike (NW-SE and NNE-
SSW) to structural features on the Wisner property and the surrounding area, like the 
contact between the SIC and Levack Gneiss. The Crazy Creek property had epidote-
quartz veins that were locally associated with chlorite with NE-SW orientation as well, 
which were described in the field. Molnar et al. (2001) described the epidote-quartz veins 
in Levack Gneiss as being perpendicular and parallel to the SIC-Levack Gneiss contact, 
suggesting that the fractures were created during the emplacement of the SIC. Most of the 
host rocks found at the Nickel Offset Mine were classified as Archean granite instead of 
Levack Gneiss. Tuba et al. (2014) described magmatic hydrothermal epidote veins 
having a NE-SW and E-W orientation hosted in footwall granophyre. These veins have 
the same as some of the veins on all three properties in this study. Molnar et al. (2001) 
also had these orientations in quartz fluid inclusions in veins at the contact between the 
footwall granophyre and the Levack Gneiss. If fluid inclusion analysis had been possible 
for this study, there would have been temperatures related to these orientations. 
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Table	8-		Precambrian	and	Archean	rock	units	and	relative	ages	in	the	Sudbury	area	from	Card	et	al.	
(1984)	and	mineral	and	vein	assemblages	described	by	Tuba	et	al.	(2014)	to	provide	geological	timing	of	
veins	and	the	relationship	to	rock	formations.	
Age Rock Unit Approximate age (Ma) 
Archean 
Levack Gneiss 2700-2750 
Granodiorite suite intrusions 2680 
Laurentian granite and Matachewan Dykes 2630 
Unconformity 
Precambrian- 
Early 
Proterozoic 
Early deformation, faulting, basin subsidence, 
volcanism and sedimentation of the Huronian 
Supergroup 
2460 
Felsic intrusion- Creighton, Murray granites 2333 
Mafic intrusion-Nipissing Diabase 2100 
Metamorphism and deformation (Penokean) 1900-1850 
Sudbury Event- SIC, Whitewater Group, breccia, 
shatter cones 1849 
Magmatic-hydrothermal SIC-driven: miarolitic 
cavities in footwall granophyre, pervasive 
footwall granophyre associated epidote-
amphibole, vein-type footwall granophyre 
associated epidote 
  
Hydrothermal SIC-driven: Extensional 
amphibole veins, extensional epidote-quartz and 
quartz veins, Cu-rich sulfide-silicate assemblage 
  
Deformation and metamorphism- Cutler, 
Grenville Front plutons 1750 ± 50 
Shear-type epidote veins and calcite-chlorite 
alteration   
Precambrian- 
Middle 
Proterozoic 
Mafic intrusion- Sudbury Diabase Dykes 1250 
Grenville Orogeny 1000-1200 
This study set out to determine if the vein orientation changed along the Foy Offset Dyke 
and found that the epidote–quartz vein orientations were predominantly orientated NW-
SE with little to no correlation with distance from the SIC. It was suggested that since 
most of the epidote-quartz veins were hosted in felsic rocks, similarly to Tube et al. 
(2014) study, the epidote-quartz veins measured on each property were also structurally 
controlled by the emplacement of the SIC and have similar orientations to faults in the 
surrounding area. There are many faults in the North Range of the Sudbury structure that 
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have a NW-SE orientation including the Chisel Creek Fault and the Sandcherry Fault. 
The NW-SE trending faults in the North Range may have created the fractures that the 
epidote-quartz hydrothermal veins formed in, since these faults are parallel to the 
hydrothermal veins (Tuba et al. 2014; Pentek et al. 2008). 
These NW-SE trending epidote-quartz veins were similar to those reported in Tuba et al. 
(2014), which are reported to have no sulfides associated with them. Tuba et al. (2014) 
suggests that extensional epidote-quartz and quartz veins as well as the copper-rich 
sulfide-silicate assemblage are all SIC-driven hydrothermal events. These extensional 
epidote-quartz veins are also primarily found in felsic-intermediate rocks (Tuba et al. 
2014). The epidote-quartz veins in this study are predominantly hosted in felsic to 
intermediate rocks and contain minor amounts to no sulfide minerals. Pentek et al. (2008) 
described epidote-quartz-chlorite veins, which had two predominant trends, NW-SE and 
NNE-SSW and stated that this vein type was unrelated to the mineralization processes. A 
limited amount of the epidote-quartz veins in this study also contain chlorite with this 
orientation and therefore these veins based on Pentek et al. (2008) are suggested to be 
unrelated to the mineralization process and in our samples their orientation is NNE-SSW. 
The NW-SE trend for the epidote-quartz veins was the predominant trend at all three 
localities with the NW-SE trend at the Foy-Hess Intersection being 56% for all epidote-
quartz veins on the property; Nickel Offset Mine had 44% of veins having the NW-SE 
trend and Crazy Creek had 52% of all epidote veins trending NW-SE. These percentages 
were determined using the rose diagrams above. These percentages for each property 
were calculated from taking the total number of veins in the NW and SE quadrants 
divided by the total number of veins at each property. These values show that as you 
increase distance from the SIC, the percentage of epidote-quartz veins that have this trend 
is relatively consistent along the Foy Offset Dyke. Overall, there were three trends 
present at at least one of the three properties (Nickel Offset Mine), they were: NW-SE, 
NE-SW, and E-W. 
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4.5 Mineral chemistry trends with radial distance from the SIC 
It is proposed that the three structural trends for the SIC-driven hydrothermal epidote-
quartz veins can be split into four types based on the mineral chemistry epidote along the 
Foy Offset Dyke. The first with a NW-SE orientation, an E-W orientation, and the last 
two with a NE-SW orientation (Table 7). Figures 25 and 26 show the elemental changes 
in epidote from each property. The samples representing the NW-SE orientation were 
CC-04, CC-10, CC-14, NOM-06, NOM-09, FH-08 and FH-10. This vein orientation was 
characteristic of having a high Ca apfu and a low Na+Mg+K+Sr and Mn (where 
analyzed) apfu in epidote. The second orientation E-W is represented by NOM-03, which 
had low Ca apfu and high Na+Mg+K+Sr+Mn apfu in epidote. The first NE-SW 
orientation was characterized by CC-13 and FH-04A had low Ca apfu and high 
Na+Mg+K+Sr and Mn (where analyzed) in epidote. The second NE-SW orientation was 
categorized by samples CC-05, NOM-02, NOM-05, FH-02, FH-03, which all had high 
Ca apfu and low Na+Mg+K+Sr and Mn (where analyzed). This could either indicate that 
there are two different compositions for the epidote-quartz NE-SW veins or that 
something was wrong with the analyses. This study suggests that the first option is more 
likely due to the stoichiometry of the epidotes being valid. All vein types from the Nickel 
Offset Mine had widespread values for Al and Fe3++Ti.  
The grain size of the epidote veins appears to become larger as distance from the SIC is 
increased (Figures 16G, 17B, and 18B). The epidote on the Crazy Creek property ranged 
from 10–250 microns in size, then the Nickel Offset Mine were about 30–500 microns in 
size, and finally the Foy-Hess Intersection was up to 0.6 mm in size.  This increase of 
crystal size could be due to the decreasing amount of shock applied to the samples. In 
addition to epidote, biotite and chlorite also increase in size in the host rock as distance 
from the SIC increases which means that if the veins formed at the time of impact, then 
this would hold true. If the veins formed post impact then the previous theory wouldn’t 
be valid, therefore it is suggested that the grain size increased with increasing distance 
from the SIC because it had more time to cool more slowly allowing crystals to grow 
larger. There are many factors to consider when looking at crystal growth and crystal size 
other than temperature including but not limited to: supersaturation of the fluid, change in 
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pH, calcium concentration and CO2 concentration which could cause saturation of the 
fluid triggering crystallization. 
Pentek et al. (2008), Warren et al. (2015) and Hanley and Bray (2009) looked at the trace 
element and rare earth element changes within epidote, biotite, and amphibole 
respectively. Tuba et al. (2014) and Molnar et al. (2001) examined the vein orientations 
of hydrothermal veins and related them to fluid inclusions. None of these studies 
examined the major and minor elements of epidote, amphibole, biotite, and chlorite, and 
use the apfu changes of these element as a vector to distance and compared it to vein 
orientation. Therefore, this study is important, because it adds to the foundation of what 
is known about the hydrothermal veining in and around Sudbury. Identifying the changes 
in epidote-quartz veins and determining the mechanism of what causes these changes to 
occur will increase our knowledge in this area. This study along with the other studies in 
the Sudbury area could be compiled together to determine a better method or tool for 
finding addition ore bodies in this area through a combination of petrography, mineral 
chemistry and fluid inclusions, etc.  
The Ca versus Na+Mg+Mn+K+Sr graph for epidote was more variable, since the slopes 
for the three localities were all different and many data points lay off the trendline 
making the R-squared values much weaker (Figure 26). Again, the reason that a data 
point may lie off of this trendline could have been due to the alteration of epidote. A 
likely explanation for why the trendlines for each locality were different was that there 
could have been different elements that were more readily available. For example, there 
might have been more Na+Mg+Mn+K+Sr readily available at the Crazy Creek property; 
hence the trendline has a slope closer to -1. This was because there were enough of these 
elements to remove the Ca, whereas the slopes of the other two properties were closer to -
0.5. These elements could have been made available via interaction of the hydrothermal 
fluid with the host rock, therefore there was a greater variety of host rocks on the Crazy 
Creek property than the Nickel Offset Mine and the Foy-Hess Intersection. The epidote-
quartz veins from Nickel Offset Mine were mainly hosted in Archean granites; whereas 
the veins from the Foy-Hess Intersection were mainly hosted in the Foy Offset Dyke. 
This compares to the Crazy Creek property where the epidote-quartz veins were hosted 
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by Matachewan Diabase, Nippising Diabase, Metabreccia, Archean granites, and Levack 
Gneiss. 
For chlorite, Crazy Creek has the highest apfu of Si and lowest Al(IV) followed by the 
Nickel Offset Mine samples and the Foy-Hess intersection has the lowest apfu of Si and 
the highest apfu of Al(IV)(Figure 29). The same holds true for Mg and Fe+Mn+Al(VI), 
Crazy Creek has the highest Mg apfu and the lowest Fe+Mn+Al(VI) of all localities 
followed by the Nickel Offset Mine and finally the Foy-Hess Intersection (Figure 30). An 
exception to this is the Nickel Offset Mine sample that had low magnesium values and 
was iron-rich compared to the other samples classifying it as an iron-rich ripidolite. 
Therefore the chlorite in the host rock around the epidote-quartz veins agrees with the 
theory that certain elements increase or decrease with distance from the SIC because the 
SIC is supplying these elements or they are the first elements to crystallize out.  
The biotite analyses had some unexpected results. It was found that not all biotite crystals 
analyzed had full stoichiometries. The K apfu in these biotite samples were expected to 
add up to 1 but each sample ranged from 0.88–0.98 apfu. It was found that biotite showed 
similar results in the Sudbury area in the Warren et al. (2015) study. Although Warren et 
al. (2015) had similar numbers in K in biotite it was found that our biotite samples had 
lower Si and Al but higher Fe apfu in biotite. The biotite stoichiometry of biotite has four 
main categories: K equal to 1, Mg+Fe equal between 2–3, Si+Al(IV) equal to 4 and 
excess Al(VI)+Ti between 0–1. This indicates that Mg+Fe+Al(VI)+Ti should equal 3 but 
in the case of this study it usually equals between 2.85–2.92 apfu. While this discrepancy 
wasn’t very large, it was still worth noting because of the abnormal biotite substitution 
relationship at the Foy-Hess Intersection seen in Figures 34 and 36. 
There are no apparent trends of amphibole compositions with increasing distance from 
the SIC with the amphiboles in the host rock at each property. The Crazy Creek samples 
are the most magnesium-rich followed by the Foy-Hess Intersection, and the most iron-
rich samples were the Nickel Offset Mine. While both Crazy Creek and the Foy-Hess 
Intersection samples were mainly actinolite, the points that were not fell into three 
different categories (Figure 37). While there was a 1:1 trend between the different 
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elements in Figures 38 and 39, there was not a trend related to distance, as there was too 
much overlap. 
 While many studies have examined epidote-quartz veins in terms of orientation 
and fluid inclusions, only one other study in Sudbury has looked at the mineral chemistry 
of epidote (Li and Naldrett, 1993). While this study does have a mineral chemistry of 
epidote component, this component is very limited, only giving two points of comparison 
for this study (Figure 46 and 47). These two points plot directly among the samples of 
this study in the middle of the trend. A second set of data points were added from Egrikar 
Fe-Cu Skarn deposit in the Black Sea region (Sipahi et al., 2017) for comparison to the 
epidote mineral chemistry in general. While these data points from Egrikar are similar to 
those of this study on the higher end of the trendline, they do have a slightly steeper 
sloped trendline. The epidote plots with a higher Fe and lower Al(VI) apfu value than 
most of the samples of this study. This study considered that the host rocks might have 
had an impact on the epidote mineral chemistry so the graphs for epidote were replotted 
with the defining symbol based on host rock instead of location and there was no 
clustering occurring based on host rock. Therefore it is unlikely that the epidote, chlorite, 
biotite and amphibole chemistry is impacted by the host rock. 
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Figure	46.	Al(VI) plotted against Fe (3+)+Ti in atom per formula unit based on 12.5 oxygen in epidote 
for all localities plus Strathcona Deep Copper Zone (Li and Naldrett 1993) and Egrikar Fe-Cu Skarn 
deposit (Sipahi et al. 2017). Grey line is line of best fit for all samples. 
	
Figure	47.	Ca plotted against Na+Mg+Mn+K+Sr in atom per formula unit based on 12.5 oxygen in 
epidote for all localities plus Strathcona Deep Copper Zone (Li and Naldrett 1993) and Egrikar Fe-
Cu Skarn deposit (Sipahi et al. 2017). Grey line is line of best fit for all samples. 
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Crazy Creek was the most proximal locality to the SIC, followed by the Nickel Offset 
Mine and the most distal location from the SIC was the Foy-Hess Intersection. As the 
distance increased, there was a general trend of increased amounts of Al and Ca apfu but 
decreased amounts of Fe3++Ti and Na+Mg+Mn+K+Sr apfu in epidote. The Nickel Offset 
Mine had similar values to that of the Crazy Creek property with higher Fe3++Ti and 
lower Al than the Foy-Hess Intersection (Figure 25). The similarities of could be due to 
either the proximity to an ore body or a gradual decrease in Fe3++Ti/Na+Mg+Mn+K+Sr 
and increase Al/Ca with increasing distance from the SIC. 
One potential idea that supports the proximity to an ore body as the cause was that the 
Nickel Offset Mine values for epidote are more clustered while Crazy Creek was wider 
spread. The Nickel Offset Mine has an abandoned mine on site but the samples collected 
for this study were at least half a kilometre away from it and Crazy Creek is 
approximately 20 kilometres west of the Broken Hammer Mine. This theory is unlikely 
because O’Callaghan (2016) found that proximal to a footwall ore zone there would be a 
correlation between Ni and Cr with CaO and Al2O3 in Sudbury breccia as sulfide 
inclusions in epidote. The aim of this study was to develop mineral compositions of the 
epidote-quartz veins found on each of the three properties as a vector, but almost all of 
the epidote analyzed on the electron microprobe were found to have Ni and Cr values 
below detection limit. This also held true for chlorite, biotite and amphibole in the altered 
host rock, as there were very few points that had values for Cr and Ni that were above 
detection limit. Therefore, the more likely hypothesis was that these gradual decreases 
and increases respectively are related to the increasing distance from the SIC. Therefore 
while the samples of this study are not close enough to an ore body to relate them, these 
samples and mineral chemistries could be used in the future, in another study examining 
epidote chemistries with increasing distance from ore bodies. 
The more favourable hypothesis is that the values for epidote in the hydrothermal 
epidote-quartz veins increase or decrease (depending on the variable) with increasing 
distance from the SIC. Crazy Creek had a larger number of values with high Fe3++Ti and 
low Al than the Nickel Offset Mine. While generally Crazy Creek's values are more wide 
spread, this was due to the fact that the epidote-quartz veins were hosted in a variety of 
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host rocks from the SIC (Nippissing diabase, metabreccia, etc) meaning the veins had 
multiple host rocks to interact with. In contrast, the Nickel Offset Mine samples were 
mostly only located in Archean Granite and the Foy-Hess Intersection was only hosted in 
the Foy Offset Dyke. Another explanation that would support this theory was that the SIC 
is supplying the Fe3+, Ti, Na, Mg, Mn, K, and Sr for these hydrothermal minerals and 
they are being removed from the hydrothermal fluid by crystallizing out as the distance 
increases.  																												
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5. Conclusion and Future Work 
5.1 Conclusion 
The main objectives of this research were to classify the hydrothermal alteration 
assemblage, determine which stage the hydrothermal fluid came from and determine if 
there were any mineral chemistry variations in the epidote in the veins and the chlorite, 
biotite and amphibole in the altered host rocks with increasing distance from the SIC. It 
was found that the hydrothermal assemblages of the veins were mainly epidote and 
quartz, while the hydrothermally altered host rock contained mainly albite, iron biotite, 
chlorite (ripidolite and pycnochlorite), amphibole (ferro-actinolite, ferro-hornblende, 
magnesio-hornblende, and tschermakite), epidote, and quartz. This study was unable to 
determine which stage of the hydrothermal system this fluid came from due to not having 
measureable fluid inclusions. The primary objective focused on in this study was to 
improve our understanding of the hydrothermal alteration veining along the Foy Offset 
Dyke by examining trends of mineral compositions with increasing distance from the 
SIC. Examining the mineral chemistry of the epidote in the epidote veins and relating it 
to their orientation at each property allowed for distance to be taken into consideration. 
This has not been done in previous studies in the area. Below are significant observations 
and conclusions resulting from this study and how it fits into the literature already 
completed on hydrothermal veining in Sudbury: 
1. The hydrothermal epidote-quartz veins of this study crystallized out of a SIC-driven 
hydrothermal event, which agrees with the work of Tuba et al. (2014). The orientation of 
the epidote-quartz veins corresponds to the different orientations of epidote-quartz veins 
discovered by other studies. These include: The hydrothermal extensional epidote-quartz 
veins with a NW-SE orientation in the Amy Lake Zone, as well as in the epidote-quartz 
veins hosted in Levack Gneiss (Tuba et al. 2014; Molnar et al. 2001); the E-W and NE-
SW magmatic-hydrothermal epidote veins associated with the footwall granophyre and 
the orientation of fluid inclusions found in quartz at the contact between the footwall 
granophyre and the Levack Gneiss (Tuba et al. 2014; Molnar et al. 2001). 
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2. There are four different orientations of hydrothermal epidote-quartz veins with different 
epidote geochemistries located along the Foy Offset Dyke: a NW-SE orientation, an E-W 
orientation, and the last two with a NE-SW orientation. The NW-SE vein orientation is 
characteristic of having a high Ca apfu and a low Na+Mg+K+Sr and Mn (where 
analyzed) apfu in epidote. The second orientation E-W is distinguished by a low Ca apfu 
and high Na+Mg+K+Sr+Mn apfu in epidote. The first NE-SW orientation is described as 
having low Ca apfu and high Na+Mg+K+Sr and Mn (where analyzed) in epidote. The 
final NE-SW orientation is categorized by having high Ca apfu and low Na+Mg+K+Sr 
and Mn (where analyzed). 
3. The chemistry of the epidote within epidote-quartz veins has elements that increase or 
decrease with increasing distance from the SIC. The composition of chlorite located in 
the host rock also has these changes with distance. This is interpreted as the SIC having 
provided the different elements into the hydrothermal fluid. As the minerals crystallize 
out of the hydrothermal fluid, they selectively remove certain elements out of the fluid 
first leaving the other elements to be in higher concentrations in the minerals produced 
further away from the SIC.   
In summary, this study has made the following contributions to hydrothermal alteration 
veining in Sudbury: 
A. Determined that the epidote-quartz veins analyzed in this study have a similar orientation 
to other hydrothermal epidote-quartz veins in the North Range that were created through 
SIC-driven hydrothermal events, suggesting that the veins in this study are from the same 
events. 
B. Categorized four different types of epidote-quartz veining along the Foy Offset Dyke 
distinguished through the combination of orientation and epidote mineral chemistry. 
C. Determined that the epidote mineral chemistry changes with increasing distance from the 
SIC, which suggests that these epidote-quartz veins formed from a SIC-driven 
hydrothermal event. 
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5.2 Recommendations for future work 
To further this work I suggest taking more samples along the Foy Offset Dyke and 
further categorize these epidote-quartz veins through fluid inclusion analysis. Using fluid 
inclusion analysis not only to determine the melting and homogenization temperature of 
the fluid but also to determine the nature of the fluid. This would help relate the analyses 
done in this study to other studies done in the literature that describe the different 
compositions of the fluid from the different hydrothermal events in Sudbury. This study 
attempted to conduct fluid inclusion analysis but was unable due to not having large 
enough primary fluid inclusions. In addition to determining the temperature and 
composition of the fluid, I also suggest determining the age of the veins using in-situ U-
Pb dating of titanite using laser ablation inductively coupled plasma mass spectrometry 
when it is found in the epidote-quartz veins. Titanite was found in one of the veins 
examined on the electron microprobe but not enough was found in order to make analysis 
worthwhile. 
The combination of determining the temperature, composition and age of the 
hydrothermal fluid will give us a fuller picture of how the hydrothermal fluids change. In 
addition to the current research and the suggest studies in the future one could determine 
if the geochemical changes in hydrothermal veins are changing in response to increasing 
distance from the SIC or if they change when approaching an ore zone. I would expect to 
see either a decrease in some elements with increasing distance from the SIC as they 
crystallize out into the vein or when approaching an ore zone the fluid/vein’s composition 
changes in terms of increased metal compositions, for example Ni or Cr.  											
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6. Appendices Appendix	A	contains	the	vein	orientations,	descriptions	and	latitude	and	longitude	coordinates	of	each	of	the	veins	from	all	three	properties.		Appendix	B	contains	the	petrography	of	each	polished	thin	section.		Appendix	C	contains	the	microprobe	data	of	epidote,	chlorite,	biotite,	amphibole.		Appendix	D	contains	the	elemental	maps	of	epidote	veins		Appendix	E	contains	the	micro	XRD	points	that	were	analyzed.	
 																										
Vein	Type Strike Dip RHR? Comments Latitude,	Longitude
Mafic 81 N/A N/A 1-	Mafic	Vein	8cm	wide	curves 	46°44'59.70"N,		81°11'0.92"W
Epidote 176 45 RHR
2-	Epidote	vein	<1cm-cm	in	width,	5	small	veins	seen	from	topographic	
view	then	one	vein	seen	from	side	view 	46°44'59.70"N,		81°11'0.92"W
Sulphide 40 67 RHR 3-	Gossan/sulphide	oxidized	vein	with	pyrite	and	chalcopyrite 	46°44'59.71"N,		81°11'0.90"W
Epidote 221 51 RHR
4-	Epidote	vein	in	Levack	Gneiss,	upwards	of	1cm	thick.	No	other	
minerals	present	in	the	vein,	sometimes	can	see	Levack	Gneiss	through	
the	vein	.	Curves	to	205,60 	46°44'59.71"N,		81°11'0.90"W
Epidote 225 46 RHR
5-	Epidote	vein	in	Levack	Gneiss,	iron	staining	present	on	the	vein.	The	
vein	runs	along	the	side	surface	of	the	Levack	Gneiss.	Curves	to	215,50 	46°44'59.70"N,		81°11'0.92"W
Epidote 195 65 RHR
6-	Epidote	vein	in	Nippissing	Diabase.	Weathered	pyrite	inclusions,	and	
quartz	crystals.	Fine	grained	up	to	1	cm	in	thickness. 	46°44'59.71"N,		81°11'0.90"W
Epidote 46 19 RHR
7-	Large	epidote	vein,	fine	grained,	partially	to	fully	visable	at	the	surface	
with	iron	staining.	Hosted	by	Nippissing	Diabase.	Pyrite	inclusions	with	
iron	staining,	quartz	and	maybe	chlorite.	Up	to	5cm	thick.	Curves	to	
272,31,	then	to	230,10. 	46°44'59.71"N,		81°11'0.92"W
Epidote 215 N/A N/A
8-	Epidote	vein,	1-1.5	cm	thick,	also	contains	quartz	and	hornblende	or	
chlorite. 	46°44'59.70"N,		81°11'0.91"W
Epidote 243 26 RHR
9-	Epidote-quartz	vein	runs	along	the	side	surface	of	the	Nippissing	
Diabase	and	Metabreccia	outcrop	with	iron	staining.	Also	a	shiny	black	
mineral	present.	1cm	thick,	green	colour	disapears	as	you	move	south	
and	becomes	just	iron	staining.	Curves	to	189,47 	46°44'59.71"N,		81°11'0.92"W
Epidote 215 64 RHR
10-	Surface	epidote	vein	(side	view),	muscovite,	quartz,	chlorite	present.	
Thin	veins	(<1cm). 	46°44'59.71"N,		81°11'0.92"W
Epidote 181 64 RHR
11-	1-2	cm	wide	epidote	vein	in	metabreccia	and	Levack	Gneiss	contact.	
Hornblende	is	also	present.	Vein	is	fine	grained. 	46°45'0.01"N,		81°11'1.16"W
Epidote 193 53 RHR 12-	Edge	surface	epidote	vein	up	to	1.5	cm	thick. 	46°45'0.01"N,		81°11'1.16"W
Epidote 185 71 RHR
13-	Epidote	vein	in	Metabreccia.	Epidote	with	quartz,	hornblende,	and	
chlorite.	Up	to	1cm	in	width	and	50	cm	in	length.	Pitashio	green	with	
beige	in	some	areas.	 	46°45'0.01"N,		81°11'1.16"W
Sulphide 179 85 RHR
14-		Pyrite/chalcopyrite	vein	on	both	sides	of	the	water	in	metabreccia.	
Pyrite,	chalcopyrite,	maybe	quartz	and	a	black	mineral.	Up	to	5cm	in	
width,	silver	yellow	with	iron	staining.	On	other	side	of	water	is	183,	85 	46°44'59.92"N,		81°11'1.20"W
Epidote 152 30 RHR
15-	Epidote	vein	in	Matachewan	Diabase.	Composed	of	epidote,	quartz	
and	maybe	pyrite.	Iron	staining	present,	1	cm	thick	and	1-2	m	long. 	46°45'0.24"N,		81°11'1.97"W
Sulphide 357 63 RHR
16-	Pyrite/chalcopyrite	vein	in	metabreccia.	Composed	of	pyrite,	
chalcopyrite,	sulphur,	bornite.	5cm	in	width	and	1.5	m	long.	Brown-
yellow-purple	in	colour	and	is	iron	stained. 	46°44'59.74"N,		81°11'0.64"W
Epidote 158 17 RHR
17-	Epidote	Vein	in	Nippissing	Diabase.	Composed	of	epidote	and	
muscovite.	<2cm	in	width,	<1m	long. 	46°44'59.62"N,		81°11'1.13"W
Epidote 126 88 RHR
18-	Epidote	vein	in	metabreccia.	Composed	of	epidote	chlorite,	quartz,	k-
spar	and	hornblende.	2cm	thick,	1.5	m	long,	iron	stained. 	46°45'0.65"N,		81°11'0.75"W
Epidote 107 32 RHR
19-	Epidote	vein	in	metabreccia.	Composed	of	epidote,	quartz	and	
chlorite.	2cm	wide.	 	46°45'0.65"N,		81°11'0.75"W
Epidote 299 43 RHR
20-	Epidote	vein	in	metabreccia.	10cm	wide,	60cm	long.	Pink	edges	
aroung	this	thicker	vein.	 	46°45'2.08"N,		81°11'1.03"W
Epidote 319 N/A N/A
21-	Epidote	vein	in	metabreccia.	Composed	of	epidote,	mica,	hematite,	
chlorite,	and	a	black	mineral.	5	cm	wide	and	30	cm	long. 	46°45'0.45"N,		81°11'1.99"W
Epidote 336 82 RHR
22	-	Epidote	surface	veining	in	metabreccia.	Weathered	epidote,	too	fine	
grained	to	identify	any	other	minerals.	All	veins	along	the	surface	of	the	
rock	appearing	to	have	nearly	identical	strikes.	Veins	are	mm	wide	and	
cm	thick. 	46°45'0.40"N,		81°11'1.99"W
Epidote 299 78 RHR
23	-	Epidote	surface	veining	in	metabreccia.	Weathered	epidote,	too	fine	
grained	to	identify	any	other	minerals.	All	veins	along	the	surface	of	the	
rock	appearing	to	have	nearly	identical	strikes.	Veins	are	mm	wide	and	
cm	thick. 	46°45'0.45"N,		81°11'1.94"W
Epidote 314 85 RHR
24	-	Epidote	surface	veining	in	metabreccia.	Weathered	epidote,	too	fine	
grained	to	identify	any	other	minerals.	All	veins	along	the	surface	of	the	
rock	appearing	to	have	nearly	identical	strikes.	Veins	are	mm	wide	and	
cm	thick. 	46°45'0.45"N,		81°11'1.92"W
Epidote 318 84 RHR
25-	Epidote	surface	veining	in	metabreccia.	Weathered	epidote,	too	fine	
grained	to	identify	any	other	minerals.	All	veins	along	the	surface	of	the	
rock	appearing	to	have	nearly	identical	strikes.	Veins	are	mm	wide	and	
cm	thick. 	46°45'2.12"N,		81°11'1.05"W SUD-SC-FOY-004
Epidote 265 72 RHR
26	-	Epidote	surface	veining	in	metabreccia.	Weathered	epidote,	too	fine	
grained	to	identify	any	other	minerals.	All	veins	along	the	surface	of	the	
rock	appearing	to	have	nearly	identical	strikes.	Veins	are	mm	wide	and	
cm	thick. 	46°45'2.09"N,		81°11'1.01"W
Quartz 247 27 RHR
27-	Quartz	vein	in	metabreccia.	The	quartz	vein	has	been	weathered	to	
an	orangey	pink.	It	is	1cm	wide	and	2m	long. 	46°45'02.37"N,		81°11'01.17"W
Epidote 278 54 RHR
28-	Epidote	vein	in	metabreccia.	Composed	of	epidote	and	quartz.	1m	
long	and	<1cm	wide,	iron	staining	in	spots. 	46°45'02.42"N,		81°11'01.17"W
Epidote 322 17 RHR 29-	epidote	vein	in	metabreccia.	Up	to	1cm	in	width	and	1m	long. 	46°45'02.45"N,		81°11'01.20"W
SUD-SC-FOY-003
SUD-SC-FOY-002
SUD-SC-FOY-005
SUD-SC-FOY-001
Sudbury	June	2015:	Crazy	Creek
Sample	Taken
Epidote 278 69 RHR
30-	epidote	vein	in	Levack	Gneiss.	Composed	of	epidote,	quartz.	K-spar	
inclusions	from	host	rock.	3cm	at	max	width	down	to	mm	veins. 	46°45'02.50"N,		81°11'01.18"W
Epidote 252 66 RHR
31-	Epidote	vein	in	Levack	Gneiss.	Composed	of	epidote	and	chlorite.	Up	
to	5	cm	wide	and	1	m	long.	 	46°45'02.51"N,		81°11'01.18"W SUD-SC-FOY-006
Epidote 252 66 RHR
32-	Epidote	vein	in	Levack	Gneiss.	Composed	of	epidote	and	chlorite.	
1cm	wide	and	1-2	m	long.	 	46°45'02.52"N,		81°11'01.17"W
Epidote 271 21 RHR
33-	Epidote	vein	in	Levack	Gneiss.	Composed	of	epidote,	quartz,	chlorite.	
1-2cm	thick	and	up	to	1	m	long. 	46°45'02.52"N,		81°11'01.18"W
Epidote 298 19 RHR
34-	Epidote	vein	in	Levack	Gneiss.	Vein	is	too	fine	grained	to	identify	
other	minerals.	1cm	thick,	1	m	long. 	46°45'02.65"N,		81°11'01.19"W
Epidote 308 32 RHR
35-	Epidote	vein	in	Levack	Gneiss.	Too	fine	grained	to	identify	other	
minerals.	2-3mm	thick	and	20	cm	long. 	46°45'02.70"N,		81°11'01.20"W
Epidote 315 33 RHR
36-	Epidote	vein	in	Levack	Gneiss,	epidote	and	quartz.	3cm	wide	30	cm	
long. 	46°45'02.82"N,		81°11'01.17"W
Epidote 318 66 RHR
37-	Epidote	vein	in	Levack	Gneiss.	Composed	of	epidote	and	plagioclase.	
20cm	in	length	and	1-1.5cm	in	width. 	46°45'3.22"N,		81°10'59.67"W
Epidote 165 72 RHR
38-	Epidote	vein	in	Levack	Gneiss.	Composed	of	epidote,	k-spar,	quartz,	
mica,	and	plagioclase.	Pink	could	be	due	to	weathering.	50	cm	in	length	
and	1cm	wide. 	46°45'3.28"N,		81°10'59.65"W
Epidote 171 40 RHR
39-	Epidote	vein	in	Levack	Gneiss.	Composed	of	epidote	and	k-spar.	Vein	
is	pink	and	green.	70	cm	in	length,	1cm	wide. 	46°45'3.20"N,		81°10'59.68"W
Epidote 311 70 RHR
40-	Weathered	epidote	vein	in	Levack	Gneiss	(brown	colour).	Too	
weathered	to	identify	other	minerals.	1-2	cm	in	width	and	40cm	long. 	46°45'3.13"N,		81°10'59.72"W
Sulphide 177 84 RHR
41-		Pyrite/chalcopyrite	vein,	most	of	vein	has	been	cut	out	by	KGHM.	
Appears	to	be	3-5cm	wide	and	3m	long,	heavily	iron	strained.	 	46°45'3.15"N,		81°10'59.72"W SUD-SC-FOY-007
Epidote 230 12 RHR
42-	Epidote	vein	in	Levack	Gneiss.	Composed	of	epidote	and	quartz.	2-
3mm	in	width.	1m	in	length. 	46°45'3.83"N,		81°10'59.13"W
Epidote 252 29 RHR 43-	Epidote	vein	in	Levack	Gneiss.	Only	epidote	visable.	1cm	by	1	m. 	46°45'3.93"N,		81°10'59.05"W
Epidote 280 52 RHR
44-	Epidote	vein	in	Levack	Gneiss.	Epidote	with	iron	staining,	2-3mm	
wide	and	1m	long 	46°45'3.87"N,		81°10'59.26"W
Sulphide 324 68 RHR
45-	Gossan/sulphide	vein	containing	Molybdenite	in	Metabreccia.	Vein	is	
yellow	to	red-brown,	almost	burnt	looking.	Vein	curves	to	328,79	to	
345,78.	vein	is	5cm	thick,	discontinuous	but	4m	long. 	46°45'2.51"N,		81°10'59.96"W SUD-SC-FOY-008
Sulphide 199 78 RHR
46-	Gossan/Sulphide	vein	containing	Molybdenite,	and	pyrite	in	
Metabreccia.	Also	yellow	to	red-brown	,	almost	burnt	looking.	2-3cm	
thick	and	1-2m	long. 	46°45'3.15"N,		81°10'59.72"W
Quartz/Plagi
oclase 17 35 RHR
47-	Pink	Vein	in	Metabreccia.	Composed	of	quartz	and	plagioclase	and	
minor	k-spar.	Just	less	than	1cm	thick	and	30	cm	long. 	46°45'3.13"N,		81°10'59.70"W
Quartz/Plagi
oclase 102 35 RHR
48-Pink	vein	at	the	surface,	side	view	is	greenish	beige.	Hosted	in	
metabreccia.	Up	to	1cm	in	width	and	1m	long.	Composed	of	quartz,	
epidote,	chlorite, 	46°45'3.18"N,		81°10'59.71"W SUD-SC-FOY-009
Quartz/Plagi
oclase 45 43 RHR
49-	Pink	vein	60cm	away	from	Nippissing	Diabase	contact	with	Levack	
Gneiss.	Composed	of	quartz	and	plagioclase.	<1cm	wide	and	30	cm	long. 	46°45'3.18"N,		81°10'59.71"W
Mafic 179 62 RHR
50-	Black	mafic	vein	running	through	Levack	Gneiss	and	a	Gossan	Vein.	4-
5mm	in	width,	1-1.5m	in	length.	Could	be	pyroxene	or	amphibole.	
Rectangular	crystal	shape,	slightly	shiny.	Dark	grey-green. 	46°45'2.50"N,		81°10'59.94"W
Sulphide 37 N/A N/A
51-	Gossan/Sulphide	vein	in	Archean	Granite.	Very	difficult	to	see	
minerals	could	be	pyrite	or	arsenopyrite	due	to	silver	colour	with	a	slight	
bronze	tinge.	Up	to	8cm	wide	and	3m	long. 	46°45'2.51"N,		81°10'59.96"W
Epidote 289 63 RHR
52-	Epidote	vein	in	Levack	Gneiss.	Composed	of	epidote,	quartz.	Varies	
from	a	couple	of	mm	to	couple	of	cm	in	width	and	is	a	couple	of	m	long. 	46°45'3.28"N,		81°11'2.80"W
Epidote 329 48 RHR
53-	Epidote	vein	in	Levack	Gneiss.	Composed	of	epidote,	quartz	and	k-
spar.	1.5	m	long	and	1cm	wide. 	46°45'3.31"N,		81°11'2.79"W
Epidote 116 38 RHR
54-	Epidote	vein	in	Levack	Gneiss.	Composed	of	epidote	and	quartz.	1-3	
cm	in	width,	4m	long. 	46°45'3.30"N,		81°11'2.85"W
Epidote 242 43 RHR 55-	Epidote	vein	in	Levack	Gneiss.	2cm	wide	and	<1m	long. 	46°45'3.33"N,		81°11'2.80"W
Epidote 146 41 RHR
56-	Epidote	vein	in	Levack	Gneiss.	Composed	of	epidote,	quartz,	
rectangular	black	mineral	and	a	biotite.	1cm	in	width,	2-3m	long. 	46°45'3.31"N,		81°11'2.82"W
Mafic 179 33 RHR
57-	Amphibole	Vein	in	Levack	Gneiss.	It	is	discontinuous	vein	3mm	in	
width	and	4-6m	in	length.	Epidote	veins	crosscut	this	mafic	vein 	46°45'3.31"N,		81°11'2.78"W SUD-SC-FOY-010
Epidote 103 42 RHR
58-	Epidote	vein	in	Levack	Gneiss.	Composed	of	epidote	and	quartz.	1-4	
cm	wide	and	3-4m	long. 	46°45'3.30"N,		81°11'2.80"W
Quartz 184 34 RHR
59-	Quartz	vein	with	a	mafic	rim	in	Levack	Gneiss.	Composed	of	quartz,	
epidote,	mafic	outer	rim	mineral.	2-5mm	in	width	and	3m	long.	Vein	is	
offset	by	58. 46°45'3.43"N,	81°11'3.15"W SUD-SC-FOY-011
Epidote 82 34 RHR
60-	Epidote	vein	in	Levack	Gneiss.	Composed	of	epidote	and	quartz.	
Outcrop	is	heavily	covered	in	lichin.	1cm	wide	and	10m	long. 	46°45'3.30"N,		81°11'2.80"W
Epidote 94 74 RHR 61-	Epidote	vein	in	Levack	Gneiss.	Up	to	1cm	in	width	and	2m	in	length. 46°45'3.45"N,	81°11'3.17"W
Epidote 310 65 RHR 62-	Epidote	vein	in	Levack	Gneiss,	up	to	1cm	in	width	and	4m	in	length 46°45'3.40"N,	81°11'3.18"W
Sulphide N/A N/A N/A
63-	Gossan/sulphide	vein	in	Levack	Gneiss.	Composed	of	chalcopyrite	
and	pyrite.	2	cm	in	width	and	10m	long.	Vein	is	very	brittle. 	46°45'3.30"N,		81°11'2.80"W
Epidote 282 32 RHR
64-	Epidote	vein	in	Levack	Gneiss.	Composed	of	epidote	and	quartz,	fine	
grained.	1cm	wide	and	1m	long. 46°45'3.43"N,	81°11'3.19"W
Sulphide 263 35 RHR
65-	Gossan/sulphide	vein	in	Metabreccia.	Very	weathered,	can	only	
identify	pyrite.	3m	in	length	and	3-5cm	wide. 	46°45'3.85"N,		81°11'2.73"W
Sulphide 155 87 RHR
66-	Gossan/sulphide	vein	in	Archean	Granite.	Very	heavily	weathered	
with	pyrite	and	arsenopyrite.	3-4cm	in	width	and	10m	long. 46°45'3.79"N,	81°11'2.72"W SUD-SC-FOY-012
Sulphide 312 78 RHR
67-	Gossan/sulphide	vein	in	Archean	Granite.	Very	weathered	and	very	
thin,	1cm	wide	3m	long. 	46°45'3.34"N,		81°11'2.52"W
Epidote 149 53 RHR
68-	Epidote	vein	in	Archean	Granite.	Composed	of	epidote	and	quartz,	
fine	grained.	30cm	long	and	<1	to	1cm	in	width 	46°45'3.30"N,		81°11'2.80"W
Epidote 303 61 RHR
69-	Epidote	vein	in	Archean	Granite.	Composed	of	epidote,	quartz	and	
maybe	chlorite.	<1cm	wide	and	2	m	long. 	46°45'3.30"N,		81°11'2.80"W
Epidote 62 58 RHR
70-	Epidote	vein	in	Metabreccia.	Composed	of	epidote	and	quartz.	Up	to	
1cm	wide	and	50cm	long. 	46°45'3.11"N,		81°11'2.81"W SUD-SC-FOY-013
Epidote 125 72 RHR
71-	Epidote	vein	in	Levack	Gneiss.	Composed	of	epidote,	quartz	and	
mafic	mineral.	<1cm	wide	and	60cm	long. 46°45'3.45"N,	81°11'3.17"W
Epidote 94 73 RHR
72-	Epidote	vein	in	Levack	Gneiss.	Composed	of	epidote,	quartz,	and	
chlorite.	Up	to	1cm	in	width	and	3m	long 	46°45'3.54"N,	81°11'3.31"W
Epidote 89 76 RHR
73-	Epidote	vein	in	Metabreccia.	Composed	of	epidote,	quartz	and	
chlorite.	<1cm	in	width	1m	long. 	46°45'3.39"N,		81°11'3.23"W
Epidote 194 54 RHR
74-	Epidote	vein	in	Levack	Gneiss.	Fine	grained	and	weathered.	<1cm	in	
width	and	1m	long. 46°45'3.53"N,	81°11'3.27"W
Epidote 76 55 RHR
75-	Epidote	vein	in	Archean	Granite.	Too	fine	grained	to	see	other	
minerals.	1cm	wide	and	80cm	long 46°45'3.64"N,	81°11'2.78"W
Epidote 280 85 RHR
76-	Epidote	vein	in	Archean	Granite.	Very	weathered	and	lichen	covered.	
Composed	of	epidote	and	chlorite.	1cm	wide	and	2m	long. 	46°45'3.74"N,	81°11'3.29"W
Epidote 280 75 RHR
77-	Epidote	vein	in	Archean	Granite.	Composed	of	epidote	and	chlorite,	
up	to	1cm	in	wide	and	1m	long. 	46°45'4.06"N,		81°11'3.28"W
Epidote 326 78 RHR
78-	Epidote	vein	in	metabreccia.	Composed	of	epidote,	quartz	and	a	
mafic	mineral.	Up	to	1cm	in	width	and	1m	in	length. 	46°45'4.06"N,		81°11'3.28"W
Epidote 331 83 RHR
79-	Epidote	vein	in	metabreccia.	Composed	of	epidote	and	quartz.	1cm	
wide,	5m	long. 46°45'4.01"N,	81°11'3.12"W
Epidote 303 75 RHR
80-	Epidote	vein	in	Levack	Gneiss.	Composed	of	epidote,	quartz	and	a	
mafic	mineral.	Up	to	1cm	in	width	and	1m	in	length. 46°45'4.01"N,	81°11'3.12"W
Quartz/Plagi
oclase 304 89 RHR
81-	Quartz/plagioclase	vein	in	Levack	Gneiss.	Composed	of	quartz,	
plagioclase	and	a	mafic	mineral.	1cm	in	width	and	<1m	in	length. 	46°45'4.13"N,		81°11'2.98"W SUD-SC-FOY-014
Epidote 165 42 RHR
82-	Epidote	vein	in	metabreccia.	Composed	of	epidote,	quartz	and	
chlorite.	1cm	wide	by	1.5m	long. 	46°45'4.12"N,		81°11'3.24"W
Epidote 309 81 RHR
83-	Epidote	vein	in	Levack	Gneiss.	Composed	of	epidote,	quartz,	and	
mafic	mineral.	Few	mm	to	1.5	cm	wide	and	30cm	long. 	46°45'4.22"N,		81°11'3.11"W SUD-SC-FOY-015
Epidote 87 55 RHR
84-	Epidote	vein	in	Archean	Granite.	Composed	of	Epidote,	quartz	and	
muscovite.	<1cm	wide	and	30cm	long. 	46°45'4.31"N,		81°11'3.45"W
Epidote 292 71 RHR
85-	Epidote	vein	in	Archean	Granite.	Composed	of	epidote	and	quartz.	
Up	to	1cm	wide	and	30	cm	long. 	46°45'4.42"N,		81°11'3.38"W
Epidote 341 40 RHR 86-	Epidote	vein	in	Archean	Granite.	Upwards	of	1cm	wide	by	1m	long. 	46°45'4.43"N,		81°11'3.18"W
Epidote 358 39 RHR
87-	Epidote	vein	in	Archean	Granite.	Composed	of	epidote	and	quartz.	
<1cm	wide	and	60cm	long. 	46°45'4.39"N,		81°11'3.18"W
Epidote 52 44 RHR
88-	Epidote	vein	in	Archean	Granite.	Composed	of	epidote,	quartz,	and	
chlorite.	1cm	wide	and	<1m	long. 	46°45'4.15"N,		81°11'3.28"W
Quartz/Plagi
oclase 39 59 RHR
89-	Quartz/Plagioclase	vein	in	Archean	Granite.	<1cm	wide	and	20cm	
long. 	46°45'4.10"N,		81°11'3.21"W
Epidote 151 38 RHR
90-	Epidote	vein	in	Archean	Granite.	Composed	of	epidote	and	quartz.	
Fine	grained.	1cm	wide	and	30	cm	long 46°45'3.94"N,	81°11'2.93"W
Epidote 290 63 RHR
91-	Epidote	vein	in	Archean	Granite.	Composed	of	epidote,	quartz,	and	
muscovite.	1cm	wide,	<1m	long 46°45'3.90"N,		81°11'3.01"W
Sulphide 360 57 RHR
92-	Gossan/sulphide	vein	in	Archean	Granite.	Extremely	weathered.	
Composed	of	chalcopyrite	and	pyrite.	2cm	wide	and	6m	long. 	46°45'3.49"N,		81°11'2.71"W SUD-SC-FOY-016
Vein	Type Strike Dip RHR? Comments
N/A N/A N/A N/A
Foy	outcrop	Inclusion	rich-	contains	inclusions	of	varying	sizes	
composed	of	granite,	gneiss	etc.	No	epidote	veins	present.	
Someone	has	taken	core	samples	here,	not	sure	if	they	were	
western	students 46.756597,-81.243797
N/A N/A N/A N/A Same	as	previous	outcrop.	Foy	with	inclusions 46.756986,-81.244008
N/A N/A N/A N/A Outcrop	of	levack	gneiss	k	spar/plag	rich 46.758468,-81.249737
Epidote 320 31 RHR Epidote	vein	in	Levack	Gneiss 46.758655,-81.249731
Epidote 60 24 RHR Epidote	vein	in	archean	granite-	Vein	2-	Sample	2 46.758565,-81.249749
Epidote 270-90 NA Epidote	vein	in	archean	granite	-	NOM	SAMPLE	3 46.758637,-81.249757
Epidote 11 18 RHR Nom	epidote	vein	4		in	Archean	Granite	 46.758661,-81.249818
Epidote 20-200 NA Epidote	vein	in	archean	granite-	nom	vein	5 46.758715,-81.249771
Epidote 15-195 NA Epidote	vein	in	archean	granite	-	Nom	Vein	6	-2	Samples	taken 46.758733,-81.249721
Epidote 355 NA Epidote	vein	nom	7	sample	6	strike	355	no	dip	in	archean	granite 46.758598,-81.249672
Weathering
Foy	offset	inclusion	rich	similar	differential	weathering	as	the	wall	
bridge	property 46.758563,-81.249766
Epidote 205 73 RHR
Epidote	vein	in	Levack	Gneiss,	too	thin	and	discontinuous	for	a	
sample 46.759236,-81.248678
Weathering
Foy	offset	with	differential	weathering	no	epidote	veins	inclusion	
rich 46.759626,-81.248839
Epidote 240 24 RHR Epidote	vein	in	archean	granite 46.758503,-81.242469
Epidote 96 NA Epidote	veins	in	foy.	 46.769495,-81.298000
Epidote 100-280 NA Epidote	veins	in	foy.	 46.769495,-81.298000
Epidote 34 NA Epidote	veins	in	Foy	Offset	Dyke 46.769495,-81.298000
Epidote 139 NA Epidote	veins	in	Foy	Offset	Dyke 46.769495,-81.298000
Epidote 306-126 NA Epidote	vein	in	archean	granite 46.759067,-81.297313
Epidote 346 26 RHR
Epidote	vein	in	archean	granite.	Wraps	around	the	archean	granite	
so	that	there	is	AG	within	the	epidote	vein	margins.	 46.758643,-81.297669
Epidote 33 36 RHR Epidote	vein	in	archean	granite 46.758579,-81.297742
Epidote 26 NA Epidote	vein	in	archean	granite 46.758579,-81.297742
Epidote 25 NA Epidote	vein	in	archean	granite 46.758579,-81.297742
Epidote 306 33 RHR Epidote	vein	in	archean	granite	-	Sample	Taken! 46.758659,-81.297994
Epidote 30-210 NA Epidote	vein	in	archean	granite 46.755692,-81.298470
Epidote 210-30 NA Epidote	vein	in	levack	gneiss-	strike	210/30	no	dip	 46.755876,-81.298522
Epidote 357 12 RHR Epidote	veinlets	in	archean	granite 46.755746,-81.298417
Epidote 180-0 NA
Epidote	vein	in	levack	gneiss.	Mm	wide	continuous	for	about	10	cm	
no	dip	branches	into	two	veins	180/000 46.771773,-81.286675
Epidote 185-005 NA Epidote	vein	in	Archean	Granite	2mm	wide	30	cm	long	 46.771796,-81.286701
Epidote 190-10 NA
Heavily	weathered	epidote	vein	in	levack	gneiss.	Mm	to	cm	wide	in	
some	spots.	One	meter	long.	190/10	no	dip 46.771795,-81.286690
Epidote 200-20 NA
3	epidote	veins	mm	in	width	up	to	60	cm	long.	Host	is	archean	
granite.	Weathered. 46.771662,-81.286739
Epidote 200-20 NA
3	epidote	veins	mm	in	width	up	to	60	cm	long.	Host	is	archean	
granite.	 46.771662,-81.286739
Epidote 190-10 NA
3	epidote	veins	mm	in	width	up	to	60	cm	long.	Host	is	archean	
granite.	Weathered. 46.771662,-81.286739
N/A N/A N/A N/A
Levack	gneiss	no	epidote	veins	very	weathered	and	covered	in	
lichen 46.774536,-81.292117
N/A N/A N/A N/A
Levack	gneiss	with	no	epidote	veins	very	weathered	and	heavily	
fractured 46.774529,-81.292134
Quartz/Plag 100-280 NA
archean	granite	with	no	epidote	veins	heavily	weathered	and	
fractured	two	large	Quartz/plag	veins	crosscut	it	100/280 46.775992,-81.291832
Epidote 285-105 NA
Levack	gneiss	with	a	mm	wide	epidote	vein	discontinuously	
approximately	60	cm	long.	Heavily	weathered	not	worth	a	sample. 46.776592,-81.292354
Epidote 290-110 NA
Achean	Granite	with	altered	epidote	vein.	Up	to	couple	of	mm	
wide	about	30	cm	long.	290/110	no	dip	 46.776676,-81.292345
N/A N/A N/A N/A Archean	Granite	with	heavy	alteration 46.768799,-81.293933
N/A N/A N/A N/A Heavily	weathered	Archean	Granite	with	fractures	no	epidote 46.769253,-81.294435
N/A N/A N/A N/A Archean	Granite	with	iron	staining	and	weathering	no	epidote	 46.768855,-81.294339
Epidote 130/310 NA Epidote	vein	in	archean	granite 46.756438,-81.298473
Epidote 120/300 NA Epidote	vein	in	archean	granite 46.756438,-81.298473
Epidote 286-106 NA Epidote	vein	in	archean	granite 46.756451,-81.298436
Epidote 293-113 NA Epidote	vein	in	archean	granite 46.756451,-81.298436
Epidote 67 68 RHR Epidote	vein	in	archean	granite 46.754025,-81.300495
Epidote 30-210 NA Epidote	vein	in	archean	granite 46.753331,-81.308139
Epidote 330-150 NA Epidote	vein	in	archean	granite	330/150	 46.756835,-81.312551
Epidote 330-150 NA Epidote	vein	in	archean	granite 46.756813,-81.312520
Epidote 331-151 NA Epidote	vein	in	archean	granite	331/151	no	dip 46.756831,-81.312536
Sudbury	August	2016:	Nickel	Offset	Mine
Sample	TakenGPS	Cooridnate
Sample	10	Taken
Samples	1	and	2	Taken
Sample	3	Taken
Samples	4	and	5	Taken
Sample	6	Taken
Sample	7	Taken
Sample	8	Taken
Sample	9	Taken
Vein	Type Strike Dip RHR? Comments
Epidote 315 49 RHR
OD2	vein	1-	-epidote	vein	with	iron	staining,	varying	
thickness	of	2mm-5mm 46.836775,-81.283244
Epidote 251 30 RHR
OD2	vein	2-epidote	vein	30	cm	long	3mm	wide,	
very	little	iron	staining. 46.836796,-81.282838
Chlorite 125 6 RHR
OD2-	vein	3-chlorite	vein-2mm	wide	1m	long,	slight	
iron	staining	in	some	places	along	the	vein 46.836842,-81.282896
Epidote 337 No	Dip
OD2-	epidote/chlorite	vein	4-	Vein	is	40	cm	Long	
and	1mm	thick.	Vein	branches	several	times.	Slight	
iron	staining,	in	foy	offset 46.836820,-81.282904
Quartz 180 40 RHR
OD2-Quartz	vein	5-heavily	iron	stained,	3mm	wide	
40	cm	long. 46.836821,-81.282857
Quartz 217 54 RHR
OD2	Quartz	vein	6-	5mm	in	width	40	cm	in	
length,Iron	staining	and	potentially	slight	
chloritization 46.836791,-81.282834
Quartz 203 59 RHR
OD2-Quartz	vein	7-30	cm	long	2-5mm	wide.	Heavy	
chloritization	and	slight	Iron	staining.	In	foy	offset 46.836787,-81.282867
Quartz 220 50 RHR
OD2-	Quartz	vein	8-	heavy	chloritization,	no	iron	
staining.	20	cm	long,	3mm	wide	in	foy	offset 46.836807,-81.282843
Quartz 218 65 RHR
OD2-	Quartz	vein	9-	Slight	iron	staining	and	
chloritization.	Vein	is	2-4mm	wide		and	35	cm	long.		
In	foy	offset	 46.836842,-81.282824
Epidote-Quartz 218 57 RHR
OD2-	Epidote-Quartz	vein	10-	1cm	wide	but	thins	
out	to	2mm,	50cm	long.iron	staining,	chloritization	
present,	pyrite	or	chalcopyrite	present	along	the	
edges	of	the	vein.	Epidote	is	also	present	along	the	
edge	of	the	vein.	In	foy	offset 46.836778,-81.282812
Quartz 217 64 RHR
OD2-	Quartz	vein	11-	30	cm	long	5	mm	wide,	spots	
of	iron	staining.	Slight	sulphide	presence. 46.836796,-81.282814
Epidote 331 No	Dip
OD2	-	epidote	vein	12-	mm	wide	branching	epidote	
vein 46.836790,-81.282815
Quartz 210 54 RHR
OD2-	Quartz	vein	13-	1	cm	wide,	1	m	long	.	Spots	of	
iron	staining,	black	elongated	mineral	present	in	
vein,	perhaps	amphibole.	In	foy	offset 46.836782,-81.282812
Epidote 290 68 RHR
OD2-	epidote	vein	14-	Vein	is	mm	wide	and	2-3	m	
long. 46.836728,-81.283225
Epidote 0 74 RHR
OD2-	quartz	vein	15-Vein	has	iron	staining	and	is	
2cm	wide 46.836728,-81.283225
Epidote 331 74 RHR
OD2-	vein	16	epidote	1	cm	wide	to	mm,	1.5	m	long	
in	archean	granite 46.836680,-81.282869
Epidote 18 55 RHR OD2	-	Epidote	vein 46.836522,-81.282744
Epidote N/A N/A N/A OD1-OC	1/2	-Surface	epidote	vein 46.831700,-81.284941
Epidote 135 15 RHR OD1-	OC	1/2	:Epidote	Vein	1	-	mm	wide	2-3	m	long 46.831518,-81.285019
Epidote 120 29 RHR
OD1-	OC	1/2	:epidote	vein	2-	50	cm	long	<5mm	
wide 46.831711,-81.284933
Epidote 125 50 RHR
OD1-	OC	1/2	Vein	3:	Mm	wide	4-6	m	long	in	foy	
offset
Epidote 135 N/A
OD1-	OC	1/2	:	epidote	vein	4-	132,	no	dip.	Mm	wide	
1-2	m	long 46.831696,-81.284888
Quartz 177 No	Dip
OD1-	OC	1/2	:	Quartz-plagioclase	vein	6-	5mm	wide,	
4m	long	found	in	archean	granite 46.831622,-81.284821
Epidote 50 N/A
OD1-	OC	1/2	:	epidote	Vein:	2mm	wide,	2-3m	long	
curves.	050	no	dip,	024,	no	dip	,	345	no	dip 46.831567,-81.284645
Epidote 24 N/A
OD1-	OC	1/2	:	epidote	Vein:	2mm	wide,	2-3m	long	
curves.	050	no	dip,	024,	no	dip	,	345	no	dip 46.831567,-81.284645
Epidote 345 N/A
OD1-	OC	1/2	:	epidote	Vein:	2mm	wide,	2-3m	long	
curves.	050	no	dip,	024,	no	dip	,	345	no	dip 46.831567,-81.284645
Epidote 333 59 RHR
OD1-	OC	1/2	:	epidote	vein,2-3	mm	wide	5	meters	
long.	 46.831575,-81.285051
Epidote 331-151 No	Dip OD1	-	OC	-	3/4	50T	-	1cm	long	by	1m	wide 46.832119,-81.285087
Epidote 270 44 RHR
OD1-	OC	3/4:		51T	-	epidote	vein	3-5	mm	wide	50	
cm	long 46.832138,-81.285059
Epidote 295 90 RHR OD1-	OC	3/4	52	T-	epidote	vein	5	mm	wide 46.832227,-81.285063
Epidote 290 50 RHR branches	into	52Tb	5	mm	wide 46.832227,-81.285063
Epidote 293 60 RHR OD1-	OC	3/4	53T-	epidote	vein	cm	wide,	2	m	long 46.832202,-81.285041
Epidote 318 No	Dip
OD1-	OC	3/4-	54T	epidote	vein	3-5mm	wide,	1m	
long	in	foy	offset 46.832223,-81.285036
Epidote 333 No	Dip OD1-	OC	3/4	55T-	epidote	vein	up	to	1cm	wide 46.832224,-81.285072
Epidote 290 50 RHR OD1-	OC	3/4	56T	-	epidote	vein	2mm	wide	m	long 46.832222,-81.285047
Epidote 311 11 RHR OD1-	OC	3/4-	57T,	mm	wide,	20	cm	long 46.832189,-81.285056
Sudbury	June	2016:	Foy	Hess	Intersection
SC-2016-02
SC-2016-01
SC-2016-03
Sample	TakenLatitude,	Longitude
46.831698,-81.284869
Epidote 261 No	Dip
OD1-	OC	3/4	58T-Epidote	vein,	it	cuts	to	295.	Up	to	
a	cm	wide.m	long 46.832158,-81.285081
Epidote 295 No	Dip OD1	-	OC	-	3/4	58T	B 46.832158,-81.285081
Epidote 63 15 RHR
OD1-	OC	3/4	59T	epidote	vein-up	to	1	cm	wide	up	
to	2	m	long 46.831522,-81.284199
Epidote 245-65 No	Dip
OD1-	OC	3/4	60T-	epidote	vein		up	to	5mm	wide	in	
foy	offset 46.832057,-81.284825
Epidote 22 43 RHR OD1-	OC	3/4	61T-	A,	Epidote	veins	mm	wide 46.832043,-81.284823
Epidote 22 44 RHR OD1-	OC	3/4	61T-	B,	Epidote	veins	mm	wide 46.832043,-81.284823
Unknown 250 30 RHR
OD1-	OC	3/4	62T	rusted	out	vein	of	unknown	
mineralization.up	to	1cm	wide	2-3	m	long 46.832094,-81.285286
Epidote 005-175 No	Dip OD1	-	OC	-	3/4	63T	less	than	one	cm	wide 46.833811,-81.286061
Epidote 350-170 No	Dip
OD1	-	OC	-	3/4	64T	This	epidote	vein	follows	the	
cracks	in	the	rock.	Up	to	1cm	wide 46.833772,-81.286080
Epidote 292-112 No	Dip OD1	-	OC	-	3/4		65T	mm	wide	in	archean	granite 46.833786,-81.286082
Epidote 240-060 No	Dip OD1	-	OC	-	3/4	66T		up	to	1cm	wide 46.833811,-81.286106
Epidote 254 86 RHR OD1	-	OC	-	3/4		67T	Curved
Epidote 006-186 No	Dip OD1	-	OC	-	3/4		67T	B	Curved
Quartz 117 28 RHR OD1	-	OC	-	3/4		68T	2	cm	wide	in	archean	granite 46.841442,-81.287327
Epidote 225 57 RHR OD1	-	OC	-	3/4		69T	30	cm	long,	5mm	wide 46.841432,-81.287418
Quartz 220-40 No	Dip 70T-Quartz	vein-Up	to	10	cm	wide 46.847561,-81.301451
Epidote 52 39 RHR
71T	-	epidote	vein-	60	cm	long,	up	to	1cm	wide.	In	
foy	offset 46.808714,-81.312713
Epidote 254 61 RHR Epidote	vein	72T 46.808742,-81.312756
Epidote 97 68 RHR 73T	epidote	vein-	Up	to	1	cm	wide	in	foy	offset 46.808744,-81.312738
Epidote 242 No	Dip 74T	epidote?	Vein 46.808749,-81.312985
Epidote 74 37 RHR 75T	epidote	vein	-	Less	than	1cm	wide 46.808625,-81.312673
Epidote 70 29 RHR 76T-	epidote	vein	2mm	wide,	30	cm	long 46.807731,-81.312356
Epidote 78 25 RHR 77T	epidote	vein	couple	of	mm	wide,	1	m	long. 46.836836,-81.282969
Epidote 270	-	90 No	Dip 78T-	epidote	vein	in	archean	granite 46.807720,-81.312312
Epidote 255-075 No	Dip 79T-	epidote	vein	in	archean	granite 46.807690,-81.312367
Epidote 256-76 No	Dip 80T	epidote	vein 46.807696,-81.312363
Epidote 254-074 No	Dip 81T-	epidote	vein 46.807707,-81.312367
Epidote 257 74 RHR 82T	epidote	vein	in	archean	granite 46.807698,-81.312351
Epidote 006-186 No	Dip 83T	mm	wide
Epidote 257-87 No	Dip 84T	-	epidote	vein	mm	wide	up	to	meter	long. 46.809083,-81.311724
Epidote 264-84 No	Dip 85T	epidote	vein,	mm	wide	up	to	a	m	long 46.808928,-81.311686
Epidote 280-100 No	Dip 86T	Epidote	vein	in	foy	offset 46.808936,-81.311732
Epidote 265-85	 No	Dip 87T	epidote	vein	in	foy	offset 46.808967,-81.311798
Epidote 253-73 No	Dip 88t-	a)	epidote	vein	in	foy	offset 46.808964,-81.311726
Epidote 255-75 No	Dip 88t-	B)	epidote	vein	in	foy	offset 46.808964,-81.311726
Epidote 112 61 RHR 89	T	in	Foy	Offset	Dyke
Epidote 61 34 RHR 90	T	in	Foy	Offset	Dyke
Epidote 281-	091 No	Dip 91	T	in	Foy	Offset	Dyke
Epidote 000-180 No	Dip 92T	in	Foy	Offset	Dyke
Epidote 140 63 RHR 93	T	in	Foy	Offset	Dyke
Epidote 320 33 RHR 94	T	in	Foy	Offset	Dyke
Epidote 185 40 RHR 95T	in	Foy	Offset	Dyke
Epidote 214 38 RHR 96T	in	Foy	Offset	Dyke
Epidote 215 15 RHR 97T	in	Foy	Offset	Dyke
Epidote 329 59 RHR 98T	in	Foy	Offset	Dyke
Epidote 348 59 RHR 99T	in	Foy	Offset	Dyke
Epidote 102 71 RHR 100T	in	Foy	Offset	Dyke
Epidote 134-314 No	Dip 101T	in	Foy	Offset	Dyke
Epidote 23 46 RHR 102T	in	Foy	Offset	Dyke
46.807692,-81.312345
46.833814,-81.286081
46.833814,-81.286081
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
Epidote 101 30 RHR 103T	in	Foy	Offset	Dyke
Epidote 221 22 RHR 104T	in	Foy	Offset	Dyke
Epidote 243 45 RHR 105T	in	Foy	Offset	Dyke
Epidote 230 45 RHR 106T	in	Foy	Offset	Dyke
Epidote 235-55 No	Dip 107T	in	Foy	Offset	Dyke
Epidote 246 49 RHR 108T	in	Foy	Offset	Dyke
Epidote 215 52 RHR 109T	in	Foy	Offset	Dyke
Epidote 237 55 RHR 110T	in	Foy	Offset	Dyke
Epidote 279-99 No	Dip 111T	in	Foy	Offset	Dyke
Epidote 105-285 No	Dip 112T	in	Foy	Offset	Dyke
Epidote 57 26 	RHR 113T	in	Foy	Offset	Dyke
Epidote 87 23 RHR 114T	in	Foy	Offset	Dyke
Epidote 85 40 RHR 115T	in	Foy	Offset	Dyke
Epidote 91 32 RHR 116T	in	Foy	Offset	Dyke
Epidote 109-289 No	Dip 117T	in	Foy	Offset	Dyke
Epidote 81 47 RHR 118T	in	Foy	Offset	Dyke
Epidote 070-250 No	Dip 119T	in	Foy	Offset	Dyke
Epidote 276-96 No	Dip 120T	differential	weathering	in	Foy	Offset	Dyke
Epidote 276-96 No	Dip 121T	in	Foy	Offset	Dyke
Epidote 6 15 RHR 122T	in	Foy	Offset	Dyke
Epidote 70-	250 No	Dip 123T	in	Foy	Offset	Dyke
Epidote 275-95 No	Dip 124T	in	Foy	Offset	Dyke
Epidote 272-92 No	Dip 125T	in	Foy	Offset	Dyke
Epidote 271-91 No	Dip 126T	in	Foy	Offset	Dyke
Epidote 270	-	90 No	Dip 127T	in	Foy	Offset	Dyke
Quartz 160 37 RHR 128T	in	Foy	Offset	Dyke
Quartz 234 57 129T	in	Foy	Offset	Dyke
Quartz 244 No	Dip 130T	in	Foy	Offset	Dyke
Chlorite 280-100 No	Dip 131T	in	Foy	Offset	Dyke
Epidote 90-270 No	Dip 132T	in	Foy	Offset	Dyke
Epidote 105-285 No	Dip 133T	in	Foy	Offset	Dyke
Epidote 84-274 No	Dip 134T	in	Foy	Offset	Dyke
Epidote 139-319 No	Dip 135T	in	Foy	Offset	Dyke
SC-2016-05
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
Epidote 85-265 No	Dip 136T	in	Foy	Offset	Dyke
Epidote 238 65 RHR 137T	in	Foy	Offset	Dyke
Epidote 160-340 No	Dip 138T	in	Foy	Offset	Dyke
Epidote 134 54 RHR 139T	in	Foy	Offset	Dyke
Epidote 145 44 RHR 140T	in	Foy	Offset	Dyke
Epidote 85-265 No	Dip 141T	in	Foy	Offset	Dyke
Epidote 90-270 No	Dip 142T	in	Foy	Offset	Dyke
Epidote 87-267 No	Dip 143T	in	Foy	Offset	Dyke
Epidote 89-269 No	Dip 144T	in	Foy	Offset	Dyke
Epidote 155-315 No	Dip 145T	in	Foy	Offset	Dyke
Epidote 140-320 No	Dip 146T	in	Foy	Offset	Dyke
Epidote 97-277 No	Dip 147T	in	Foy	Offset	Dyke
Epidote 106-286 No	Dip 148T	in	Foy	Offset	Dyke
Epidote 295-115 No	Dip 149T	in	Foy	Offset	Dyke
Epidote 280-100 No	Dip 150T	in	Foy	Offset	Dyke
Epidote 280 89 RHR 151T	in	Foy	Offset	Dyke
Epidote 280 85 RHR 152T	in	Foy	Offset	Dyke
Epidote 285 85 RHR 153T	in	Foy	Offset	Dyke
Epidote 280 82 RHR 154T	in	Foy	Offset	Dyke
Epidote 293 No	Dip 155T	in	Foy	Offset	Dyke
Epidote 290 No	Dip 156T	in	Foy	Offset	Dyke
Epidote 280-100 No	Dip 157T	in	Foy	Offset	Dyke
Epidote 285-105 No	Dip 158T	in	Foy	Offset	Dyke
Epidote 285-105 No	Dip 159Tin	Foy	Offset	Dyke
Epidote 295-115 No	Dip 160T	in	Foy	Offset	Dyke
Epidote 290	-110 No	Dip 161T	in	Foy	Offset	Dyke
Epidote 295-115 No	Dip 162T	in	Foy	Offset	Dyke
Epidote 275-95 No	Dip 163T	in	Foy	Offset	Dyke
Epidote 110 42 RHR 164T	in	Foy	Offset	Dyke
Epidote 125 85 RHR 165T	in	Foy	Offset	Dyke
Epidote 130-310 No	Dip 166T	in	Foy	Offset	Dyke
Epidote 125-305 No	Dip 167T	in	Foy	Offset	Dyke
Epidote 166 29 RHR 168T	in	Foy	Offset	Dyke
SC-2016-04
SC-2016-06
SC-2016-07
SC-2016-08
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
Epidote 119-294 No	Dip 169T	in	Foy	Offset	Dyke
Epidote 133 65 RHR 170T	in	Foy	Offset	Dyke
Epidote 135-315 No	Dip 171T	in	Foy	Offset	Dyke
Epidote 120-300 No	Dip 172T	in	Foy	Offset	Dyke
Epidote 115-295 No	Dip 173T	in	Foy	Offset	Dyke
Epidote 110 82 RHR 174T	in	Foy	Offset	Dyke
Epidote 290	-110 No	Dip 175T	in	Foy	Offset	Dyke
Epidote 285-105 No	Dip 176T	in	Foy	Offset	Dyke
Epidote 290	-110 No	Dip 177T	in	Foy	Offset	Dyke
Epidote 292-112 No	Dip 178T	in	Foy	Offset	Dyke
Epidote 295-115 No	Dip 179T	in	Foy	Offset	Dyke
Epidote 295-115 No	Dip 180T	in	Foy	Offset	Dyke
Epidote Error Error 181T	in	Foy	Offset	Dyke
Epidote 280-100 No	Dip 182T	in	Foy	Offset	Dyke
Epidote 290	-110 No	Dip 183T	in	Foy	Offset	Dyke
Epidote 305-125 No	Dip 184T	in	Foy	Offset	Dyke
Epidote 270	-	90 No	Dip 185T	in	Foy	Offset	Dyke
Epidote 275-95 No	Dip 186T	in	Foy	Offset	Dyke
Epidote 284-104 No	Dip 187T	in	Foy	Offset	Dyke
Epidote 285-105 No	Dip 188T	in	Foy	Offset	Dyke
Epidote 140-320 No	Dip 189T	in	Foy	Offset	Dyke
Epidote 286-106 No	Dip 190T	in	Foy	Offset	Dyke
Epidote 284-104 No	Dip 191T	in	Foy	Offset	Dyke
Epidote 280-100 No	Dip 192T	in	Foy	Offset	Dyke
Epidote 285-105 No	Dip 193T	in	Foy	Offset	Dyke
Epidote 284-104 No	Dip 194T	in	Foy	Offset	Dyke
Epidote 285-105 No	Dip 195T	in	Foy	Offset	Dyke
Epidote 282-102 No	Dip 196T	in	Foy	Offset	Dyke
Epidote 170 44 RHR 197T-A	in	Foy	Offset	Dyke
Epidote 170-350 No	Dip 197T-B	in	Foy	Offset	Dyke
Epidote 100-280 No	Dip 198T	in	Foy	Offset	Dyke
Epidote 100 70 RHR 199T	in	Foy	Offset	Dyke
Epidote 300-120 No	Dip 201T	epidote	vein	in	archean	granite 46.809981,-81.305974
Chlorite 300-120 No	Dip 202T	Chlorite	Vein	in	archean	granite 46.809930,-81.306004
Chlorite 302-122 No	Dip 203T	Chlorite	Vein	in	archean	granite 46.809930,-81.306004
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
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FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
FH	Intersection:	46'48'34.07"N,	
81'18'33.51"	W
Chlorite 298-118 No	Dip 204T-	Chlorite	vein	in	archean	granite 46.809930,-81.306004
Epidote 314-134 No	Dip 205T	epidote	vein 46.809935,-81.305951
Epidote 307-127 No	Dip 206T	epidote	vein 46.809935,-81.305951
Epidote 287-107 No	Dip 207T	epidote	vein	in	archean	granite 46.809926,-81.305927
Epidote 265-85 No	Dip 208T	epidote	vein	in	archean	granite 46.809926,-81.305927
Epidote 295-115 No	Dip 209T	epidote	vein	in	archean	granite 46.809927,-81.305854
Epidote 297-117 No	Dip 210T	epidote	vein	in	archean	granite 46.809927,-81.305854
Epidote 298-118 No	Dip 211T	epidote	vein	in	archean	granite 46.809911,-81.305895
Epidote 302-122 No	Dip 212T	epidote	vein	in	archean	granite 46.809911,-81.305895
Epidote 297-117 No	Dip 213T	epidote	vein	in	archean	granite 46.809907,-81.305828
Epidote 272-92 No	Dip 214T	epidote	vein	in	archean	granite 46.809877,-81.305813
Epidote 292-112 No	Dip 215T	epidote	vein	in	archean	granite 46.809877,-81.305813
Epidote 285-105 No	Dip 216T	epidote	vein 46.809910,-81.305766
Epidote 280-100 No	Dip 217T	epidote	vein 46.809910,-81.305766
Epidote 280 85 RHR
218T	epidote	vein	differentially	weathered	in	foy	
offset 46.808756,-81.306094
Epidote 274 84 RHR
219T	epidote	vein	differentially	weathered	in	foy	
offset 46.808756,-81.306094
Epidote 276 87 RHR
220T	epidote	vein	differentially	weathered	in	foy	
offset 46.808756,-81.306094
Epidote 276 89 RHR
221T	epidote	vein	differentially	weatheredin	foy	
offset 46.808756,-81.306094
Epidote 63 45 RHR 222T	epidote	vein 46.808861,-81.305947
Unknown 285-105 No	Dip
Unknown	1-	Weathered	weirdly-	probably	epidote	
in	foy	offset 46.808530,-81.305884
Unknown 287-107 No	Dip
Unknown	2-	Weathered	weirdly-	probably	epidote	
in	foy	offset 46.808530,-81.305884
Unknown 265-95 No	Dip
Unknown	3-	Weathered	weirdly-	probably	epidote	
in	foy	offset 46.808744,-81.306324
Unknown 275-95 No	Dip
Unknown	4-	Weathered	weirdly-	probably	epidote	
in	foy	offset 46.808744,-81.306324
Unknown 94 46 RHR
Unknown	5-	Weathered	weirdly-	probably	epidote	
in	foy	offset 46.808744,-81.306324
Unknown 59-239 No	Dip
Unknown	6-	Weathered	weirdly-	probably	epidote-
in	Foy	offset 46.836809,-81.282905
Unknown 89-269 No	Dip
Unknown	7-	Weathered	weirdly-	probably	epidote	-	
in	Foy 46.836809,-81.282905
Unknown 90-270 No	Dip
Unknown	8-	Weathered	weirdly-	probably	epidote	-	
In	Foy 46.836809,-81.282905
Unknown 85-265 No	Dip
Unknown	9-	Weathered	weirdly-	probably	epidote-	
In	Foy 46.836809,-81.282905
SC-2016-11
SC-2016-12
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Crazy Creek Polished Thin Section Descriptions: 
 
Sample: SUD-SC-001 Renamed CC-01 
 
Overall Description: 
1. The fine-crystalline groundmass is composed of quartz, albite, minor biotite and 
trace amounts of sercite.  
2. In addition to the quartz vein there are other patches (phenocrysts) of 
polycrystalline quartz and phenocrysts of biotite and amphibole being altered to 
sercite. There are two types of quartz phenocrysts, polycrystalline quartz and 
quartz with granophyric or myrmekite texture.  
3. Intergrowth of Sulphide minerals: mainly chalcopyrite with minor inclusions of 
pyrite and chalcocite or galena rimming the chalcopyrite. 
4. Sericite and chlorite appears to be replacing the amphibole. 
5. Fibrous patches of ablite. 
 
Mineral Grain Size Grain Shape Compositional % 
Quartz Medium to fine 
grained 
Polycrystalline  25 
Albite Fine grained Anhedral  45 
Amphibole Fine grained needles Subhedral 10 
Chlorite Fine grained needles Subhedral 2 
Biotite Medium to fine 
grained 
Subhedral 10 
Sercite Fine grained Subhedral  3 
Chalcocite or 
Galena 
Very fine grained Anhedral 1 
Pyrite Very fine grained Subhedral to 
anhedral 
2 
Chalcopyrite Fine grained Subhedral 2 
 
Vein Description: 
A. Polycrystalline quartz veins run through the edge of the thin section. These veins 
have two crystal sizes very fine crystalline and fine crystalline. Along the edge of 
the vein is biotite, albite and quartz. 
 
 
Fluid inclusion Description: 
• Two-phase fluid inclusions present in quartz vein, approximately less than 1 
micron in size, therefore too small to analyze. 
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Sample: SUD-SC-002 Renamed CC-02 
 
Overall Description: 
1. Three thin sections were created giving insight toward a line through the sample. 
There is a large quantity of sulphides. The sulphides are innermost surrounded by 
quartz and then epidote. Chlorite is also present and may be slightly foliated. The 
groundmass is comprised of quartz and plagioclase feldspar without twinning.  
2. One crystal seen in thin section has orange interference colours, and displays 
twinning. This crystal also has inclusions of pyrite?  
3. Thin section A has the 2nd largest quantity of sulphides with no epidote veins.  
There is epidote within the sulphide vein as well as minor fine-grained chlorite 
needs intergrown in the sulphides. There is a thin vein (1mm thick) of chlorite 
with minor quartz intergrown.  
4. Thin section B has the largest amount of sulphide minerals and has a chlorite vein 
running through it that also contains quartz and major chalcopyrite and minor 
pyrite.  
5. Thin section C has least amount of sulphide minerals; it has quartz veins, and 
discontinuous chlorite veins. There are also a couple of quartz blebs.  There are 
thin quartz veins running through thin section C. The epidote crystals found in 
thin section C contain pyrite inclusions. Pyrite is intergrown with chalcopyrite. 
 
Mineral Grain Size Grain Shape Compositional % 
Quartz Very Fine Grained Anhedral 10 
Plagioclase Very Fine Grained Anhedral 10 
Epidote Fine Grained Subhedral 25 
Chlorite Fine Grained Subhedral to 
Anhedral 
5 
Chalcopyrite Medium to Coarse 
Grained 
Anhedral  40 
Pyrite Medium to Coarse 
Grained 
Anhedral to 
Subhedral 
10 
 
Vein Description: 
• Thin Section A Massive Sulphide vein taking up 50% of the thin section. The 
sulphide vein mainly consists of massive chalcopyrite and subhedral pyrite. 
Epidote intergrowth is present within the vein, with minor needle-like chlorite 
grains. 
 
Mineral Grain Size Grain Shape Compositional % 
Quartz Very Fine Grained Anhedral 25 
Plagioclase Very Fine Grained Anhedral 25 
Epidote Fine Grained Subhedral 23 
Chlorite Fine Grained 
needles and medium 
grained fibres 
Subhedral to 
Anhedral 
15 
Chalcopyrite Medium to Coarse Anhedral  7 
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Grained 
Pyrite Fine grained Anhedral 5 
 
Vein Description: 
• Thin section B The chlorite vein is comprised of two different types of chlorite 
and has incorporated a discontinuous chalcopyrite vein, quartz is also intergrown 
in the chlorite vein.  
 
Mineral Grain Size Grain Shape Compositional % 
Quartz Very Fine Grained Anhedral 35 
Plagioclase Very Fine Grained Anhedral 20 
Epidote Fine Grained Subhedral 15% 
Chlorite Fine Grained 
needles and medium 
grained fibres 
Subhedral to 
Anhedral 
10-15% 
Chalcopyrite Medium Grained Subhedral to 
Anhedral  
12% 
Pyrite Fine grained Anhedral 3% 
 
Fluid inclusion Description: 
• No epidote veins present so there isn’t any need for fluid inclusion analysis if only 
doing one sample from Crazy Creek. 
 
Picture below shows the textural relationship between chalcopyrite and pyrite in CC-02A 
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Sample: SUD-SC-003 Renamed CC-03 
 
Overall Description: 
1. The thin section is composed of epidote and minor quartz.  
2. Throughout the thin section, there are patches of dark milky grey (minerals?) that 
covers some of the epidote. One theory on what this milky grey substance is, is 
the remains of another mineral that was almost fully ground away in the making 
of the thin section.  
3. Throughout the thin section there are thin fractures that have been filled in with 
epidote crystals. There are also very fine pyrite crystals. 
 
Mineral Grain Size Grain Shape Compositional % 
Epidote Medium to fine 
grained 
Subhedral 70% 
Quartz Fine to medium 
grained 
Anhedral to Subhedral 27% 
Pyrite Fine to very fine 
grained 
Subhedral 3% 
 
Vein Description: 
• The entire thin section is part of a vein (the vein is wider than the thin section). 
The fine-grained epidote and the medium grained epidote are intergrown together 
and with the quartz. 
 
Fluid inclusion Description: 
• This thin section contains many single-phase fluid inclusions but it also contains 
some two-phase fluid inclusions in epidote but they are too small for 
microthermometry.  
 
The pictures below show epidote grains and veins (ep) and quartz grains(qtz). The quartz 
appears to become more elongated near the bottom of the image where it comes into 
contact with the epidote. 
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Sample: SUD-SC-004 Renamed CC-04 
 
Overall Description: 
1. Thin Section A- Two veins intersect the thin section at approximately a 60-degree 
angle, and the veins are similar in composition (fine-grained epidote, with dark 
brown colour overlapping the epidote. There is also pervasive epidote-quartz 
veining, which appears to have been offset, this could have occurred through a 
shearing mechanism. The groundmass is composed of fine-grained quartz and 
plagioclase feldspar with minor amounts of chlorite and biotite, also within this 
groundmass are phenocrysts of polycrystalline quartz. The biotite in this sample is 
altering to chlorite. 
2. Elemental map of epidote veins taken on the electron microprobe to see if there 
are elemental changes as you move from the outside to the inside of the veins and 
if two veins that are offsetting each other have elemental differences. 
3. The thin section is very recrystallized and contains blebs of quartzite. There is 
also a lithic contact 
4. Thin Section B- was cut down the side of where thin section A was cut. Extensive 
network of pervasive epidote veins. The groundmass is composed of quartz and 
plagioclase feldspar. There are phenocrysts of polycrystalline quartz. There are 
three different sizes of epidote veins in this thin section, from very fine grained to 
medium grained. These epidote veins are clear of the dark brown colour seen in 
thin section A. 
5. Thin Section C- Extensive network of epidote blebs, which are connected through 
pervasive thin epidote veins. The veins and blebs are covered by the same dark 
brown colour as thin section A. The groundmass is composed of fine-grained 
quartz and even finer-grained feldspar and quartz. The quartz inclusions within 
the epidote veins are of equal size to the groundmass quartz. 
 
Thin Section A 
Mineral Grain Size Grain Shape Compositional % 
Epidote Fine grained Subhedral to Anhedral 25% 
Quartz Medium to Very 
Fine Grained 
Subhedral to Anhedral  45% 
Plagioclase Feldspar Very fine grained Subhedral to Anhedral 20% 
Chlorite Fine grained Subhedral  5% 
Biotite Medium to fine 
grained 
Subhedral 5% 
 
Thin Section B 
Mineral Grain Size Grain Shape Compositional % 
Epidote Fine grained Subhedral to Anhedral 15% 
Quartz Medium to Very 
Fine Grained 
Subhedral to Anhedral  42% 
Plagioclase Feldspar Very fine grained Subhedral to Anhedral 40% 
?? Fine grained Very dirty (Anhedral) 2% 
Chlorite Fine grained Subhedral  1% 
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Thin Section C 
Mineral Grain Size Grain Shape Compositional % 
Epidote (very dirty) Fine grained Subhedral to Anhedral 30% 
Quartz Medium to Very 
Fine Grained 
Subhedral to Anhedral  40% 
Plagioclase Feldspar Very fine grained Subhedral to Anhedral 
(fibrous to radial) 
30% 
 
Fluid inclusion Description: 
• Many single-phase fluid inclusions found in both epidote and quartz but they are 
too small for microthermometry. 
 
Picture below is a epidote vein being offset by crosscuting epidote veins. 
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Sample: SUD-SC-005 Renamed CC-05 
 
Overall Description: 
1. The grain size difference seen in the epidote veins are not seen in the groundmass.  
2. The sulphide minerals found in thin section are pyrite and sphalerite grown 
together and pyrite grains on their own. Sphalerite is intergrown with chalcocite?  
 
Mineral Grain Size Grain Shape Compositional % 
Epidote Fine to very fine 
grained 
Subhedral to 
Anhedral 
10% 
Quartz Fine to very fine 
grained 
Subhedral to 
Anhedral 
45% 
Plagioclase Fine to very fine 
grained 
Anhedral  25% 
Chalcocite and 
Sphalerite 
Medium to fine 
grained 
Euhedral to 
Subhedral 
5% 
Pyrite Fine Grained Subhedral  Trace 
Amphibole Fine Grained Subhedral 5% 
Chlorite Fine Grained Subhedral 5% 
Biotite Fine Grained Subhedral 5% 
 
Vein Description: 
• There are two main epidote veins that traverse along this thin section lengthwise. 
These epidote veins have larger epidote grains in the middle of the vein and the 
grain size becomes smaller towards the vein edges (this could be due to quenched 
margins or multi generations of veins or is the edges deformed due to shearing). 
• One of these epidote veins also intersects with a quartz vein, which is surrounded 
by groundmass epidote.  
• The second epidote vein is not as well constrained. This epidote vein is fine 
grained with minor quartz inclusions.  
 
Fluid inclusion Description: 
• No two-phase fluid inclusions found, some single-phase fluid inclusions found, 
but are too small for microthermometry. 
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Sample: SUD-SC-006 Renamed CC-06 
 
Overall Description: 
1. This thin section is heavily fractured and is composed of mostly anhedral and 
subhedral grains.  
2. The fine-grained groundmass is composed of quartz, plagioclase (and minor 
biotite and trace of sercite (check TS)). Fine-grained subhedral amphibole can be 
seen as well as biotite altering to chlorite.  Some of the amphibole is intergrown 
with  
 
Mineral Grain Size Grain Shape Compositional % 
Epidote Fine to Very Fine 
Grained 
Subhedral to 
Anhedral 
15% 
Quartz Fine to Very Fine 
Grained 
Subhedral to 
Anhedral 
35% 
Plagioclase Very Fine Grained Anhedral  20% 
Chalcopyrite Very Fine Grained Subhedral to 
Anhedral 
5% 
Sphalerite Fine Grained Subhedral  5% 
Amphibole Fine Grained Subhedral 15% 
Biotite altering to 
Chlorite 
Fine Grained Subhedral 5% 
Pyrite Fine Grained Euhedral to 
Subhedral 
Trace 
 
Vein Description: 
• There are pervasive thin epidote veins that crosscut the groundmass in multiple 
orientations. A larger dark brown vein is found in this sample; the dark brown 
vein could be the same dark brown that was on the epidote veins.   
 
Fluid inclusion Description: 
• Some very small fluid inclusions found in larger crystals of clear epidote on the 
cleaner side of the thin section, these are two-phase fluid inclusions but the 
vapour phase is very minor (<10%).  
• In the green (ppl) epidote in the cleaner side of the thin section, many very small 
single-phase fluid inclusions are present. Some are less than half a micron and 
others are up to one micron in size allowing for the identification that they are 
single-phase inclusions.  
• On the dirty side of the thin section there are a couple of secondary fluid inclusion 
assemblages that crosscut the epidote crystal boundaries within the vein, these 
fluid inclusions are less than half a micron, too small to determine how many 
phases each fluid inclusion has.  
• On the dirty side the epidote is too dark in some places to even see fluid 
inclusions. Secondary inclusions are abundant but primary inclusions are harder 
to find. The primary inclusions found are very small (less than half a micron) and 
appear empty. 
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Sample: SUD-SC-008 Renamed CC-08 
 
Overall Description: 
1. The groundmass is composed of anhedral quartz, subhedral feldspar, subhedral 
biotite and subhedral epidote. The quartz in the groundmass display granophyric 
texture and biotite displays kink banding (shocked biotite). There is a grey vein 
(xpl isotropic) is clear and colourless in plain polarized light with a thin red-
orange rim. There are also larger fractured and broken grains of hornblende/ 
chlorite throughout the matrix but are too large to be groundmass. 3 different 
kinds of sulphides are also present within the thin section,  
Mineral Grain Size Grain Shape Compositional % 
Quartz Fine Grained Anhedral 10% 
Plagioclase Fine Grained Subhedral 35% 
Biotite Fine Grained Subhedral  10% 
Epidote Fine Grained Subhedral 10% 
Chlorite Fine Grained Anhedral to Subhedral Trace 
Chalcopyrite Medium to Fine 
Grained 
Euhedral to Subhedral 10% 
Pyrite Very Fine Grained Euhedral Trace 
Amphibole Medium to Fine 
Grained 
Subhedral 25% 
Vein Description: 
• A thin (2-3mm) vein composed of fine-grained sudhedral chalcopyrite and pyrite 
vein traverses along the thin section. This vein contains inclusions of quartz and 
epidote, as well as there is quartz and epidote around the vein. The orientation of 
this vein was 324, 68. 
 
Fluid inclusion Description: 
• Not an epidote vein so it won’t be examine for epidote fluid inclusions because it 
won’t help identify the temperature of the epidote veins that formed. 
Picture below shows kink banded biotite and epidote in ppl. Slide has been circled in blue 
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Sample: SUD-SC-009 Renamed CC-09 
 
Overall Description: 
1. Subhedral fibrous epidote phenocrysts make up the majority of this thin section 
with lesser amounts of amphibole phenocrysts. The groundmass is composed of 
fine-grained subhedral to anhedral quartz and feldspar. There are massive 
polycrystalline (fine grained) epidote crystals at the boundary. 
 
Mineral Grain Size Grain Shape Compositional % 
Quartz Fine Grained Anhedral 23% 
Epidote Medium to Fine 
Grained 
Subhedral 35% 
Amphibole Medium to Fine 
Grained 
Subhedral 10% 
Plagioclase Feldspar Fine Grained Anhedral to 
Subhedral 
15% 
Pyrite Very Fine Grained Subhedral Trace 
Sphalerite Fine Grained to 
Very Fine Grained 
Subhedral to 
Anhedral 
2% 
Biotite Medium to Fine 
Grained 
Subhedral to 
Anhedral 
15% 
 
Vein Description: 
• There is also a 3mm quartz vein traversing the thin section, these quartz crystals 
are relatively larger than the quartz crystals in the groundmass. 
• Some of the quartz crystals that compose the quartz vein are fractured and epidote 
veinlets run through it. The contact between the quartz vein and the host rock is 
relatively sharp. 
 
Fluid inclusion Description: 
• This thin section is composed of a quartz vein the epidote found here is in the host 
rock. The quartz contains fluid inclusions that are too small to determine whether 
they are single-phase inclusions or if they are two-phase inclusions with a small 
vapour phase. 
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Sample: SUD-SC-010 Renamed CC-10 
 
Overall Description: 
1. On the left side of the large epidote vein are fibrous fine-grained amphibole and 
they are sometimes associated with quartz.  
2. The groundmass is very fine-grained quartz, and within the groundmass is 4 types 
of phenocrysts: polycrystalline quartz, sulphides, fibrous and blocky chlorite. 
Mineral Grain Size Grain Shape Compositional % 
Epidote Fine Grained Anhedral to Subhedral 15% 
Chlorite Fine Grained Fibrous (Subhedral) 20% 
Amphibole Very Fine 
Grained 
Needles (Subhedral Trace 
Quartz Medium to Very 
fine Grained 
Subhedral 57% 
Plagioclase Fine Grained Subhedral 3% 
Light Grey Sulphide Fine Grained Anhedral to Subhedral 5% 
Vein Description: 
• Epidote vein traverses across the thin section, and contains epidote, quartz and 
maybe feldspar crystals. There is also a thin epidote vein that intersects with the 
large epidote vein. Above this thin epidote vein is a fibrous vein of chlorite. 
• The large epidote vein is covered by a dark brown colour similar to the other thin 
sections. The thin epidote vein appears to be offset or bent by a large epidote vein.  
 
Fluid inclusion Description: 
• This thin section has many single-phase fluid inclusions. Three two-phase 
inclusions found in the epidote vein, the gas bubble moves around the fluid 
inclusion. 
Picture below is a chlorite vein slightly offsetting an epidote that it crosscut. 
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Sample: SUD-SC-011 Renamed CC-11 
 
Overall Description: 
1. The groundmass is composed of fine-grained quartz, fine-grained chalcopyrite 
with sphalerite intergrowth, and larger-grained radial anhedral quartz. There are 
patches of chlorite with some of these chlorite patches having some remnants of 
biotite. Intergrown with these chlorite patches is some needle-like actinolite. 
2. Mostly chlorite, almost no biotite 
 
Mineral Grain Size Grain Shape Compositional % 
Epidote Medium Grained Subhedral 10% 
Actinolite/Tremolite Medium to Fine 
Grained 
Subhedral 10% 
Quartz Medium to Fine 
Grained 
Subhedral to Anhedral 35% 
Chlorite Medium Grained Subhedral to Anhedral 20% 
Chalcopyrite and 
Sphalerite Intergrowth 
Fine to Very Fine 
Grained 
Subhedral to Anhedral 5% 
Plagioclase Very Fine to Fine 
Grained 
Anhedral 15% 
Biotite Fine Grained Subhedral to Anhedral 5% 
 
Vein Description: 
• Epidote vein traverses along the bottom of the thin section, composed of large 
epidote grains and fine-grained actinolite inclusions, as well as actinolite along 
the edges. There is also some quartz, very fine-grained chalcopyrite with 
sphalerite intergrowth and plagioclase inclusions within the epidote vein. 
 
Fluid inclusion Description: 
• Two-phase fluid inclusions are found in this thin section, many of secondary 
inclusions crosscut the epidote crystals. There are also single-phase fluid 
inclusions that appear to follow the growth patterns of the epidote crystal (as you 
zoom in and out there is a line of fluid inclusions that move inwards or outwards) 
(new line of fluid inclusions appear, the same line doesn’t move!). This could be a 
good sample for the new thin section to be made but further investigation should 
be completed first before decision is made. 
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Sample: SUD-SC-012 Renamed CC-12 
 
Overall Description: 
1. This thin section is split into two main sections, at the top are massive ore 
minerals and at the bottom are massive patches of actinolite altering to chlorite 
crystals. There is euhedral magnetite with some hematite replacement. There is 
also chalcopyrite with pyrite inclusions. Pyrite is dispersed throughout the 
groundmass. The groundmass is composed of subhedral to anhedral quartz, 
plagioclase, actinolite, and epidote. Within the massive amphibole there are 
tabular feldspar crystals.  
 
 
Mineral Grain Size Grain Shape Compositional % 
Quartz Medium to Fine 
Grained 
Subhedral  5% 
Plagioclase Fine Grained Euhedral to Subhedral 5% 
Epidote Very Fine Grained Subhedral 3% 
Chlorite Medium to Fine 
Grained 
Subhedral 18% 
Actinolite Fine Grained Subhedral  14% 
Magnetite with 
Hematite 
Replacement 
Fine to Very Fine 
Grained 
Subhedral to Anhedral  Trace 
Pyrite Medium to Fine 
Grained 
Euhedral to Subhedral 50% 
Chalcopyrite Fine grained Subhedral to Anhedral  5% 
 
Vein Description: 
• There is a massive pyrite vein with minor amounts of chalcopyrite intergrown 
with quartz and epidote. 
 
 
Fluid inclusion Description: 
• Not an epidote vein so it won’t be examine for epidote fluid inclusions because it 
won’t help identify the temperature of the epidote veins that formed. 
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Sample: SUD-SC-013 Renamed CC-13 
 
Overall Description: 
1. The groundmass is composed of very fine-grained quartz. There is a continuous 
epidote vein traversing along the edge of the thin section and discontinuous 
epidote veins running up the left side of the thin section. There are actinolite 
phenocrysts as well as chlorite.  
Mineral Grain Size Grain Shape Compositional % 
Epidote Medium to Fine 
Grained 
Euhedral to Subhedral 10% 
Quartz Very Fine Grained Anhedral 35% 
Plagioclase Very Fine Grained Anhedral 25% 
Biotite Medium to Fine 
Grained 
Subhedral to Anhedral 5% 
Actinolite Medium to Fine 
Grained 
Subhedral to Anhedral 10% 
Chlorite Medium to Fine 
Grained 
Subhedral 15% 
Vein Description: 
• The epidote vein is coarser grained near the middle of the vein and becomes finer 
grained near the edge of the vein. The epidote vein branches off in two places, at 
the beginning of the branch the epidote is coarser grained but as it gets further 
away from the main vein it becomes finer grained until the vein branch tapers off. 
 
Fluid inclusion Description: 
• The epidote contains very small two-phase fluid inclusions that are so small that 
it’s hard to focus on them. 
Picture below is made up of almost entirely epidote, with three epidote vein directions 
coming together. 
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Sample: SUD-SC-014 Renamed CC-14 
 
Overall Description: 
1. The groundmass is composed of subhedral to anhedral quartz, and tabular to 
anhedral feldspar. There are medium-grained amphibole that are partially altered 
(from inside out) to chlorite or epidote (is this overgrowth or alteration?) There is 
a large patch/bleb of tabular feldspar that are almost radiating out from the center. 
Near this growth of tabular feldspar, is a slightly blocky patch/bleb/growth of 
amphibole crystals. The sulphide minerals present are chalcopyrite, sphalerite, 
and minor-trace pyrite crystals. There is also chlorite alteration present. 
 
 
Mineral Grain Size Grain Shape Compositional % 
Quartz Fine Grained Subhedral to 
Anhedral 
25% 
Plagioclase Medium to Fine 
Grained 
Tabular to Anhedral  25% 
Hornblende Medium to Fine 
Grained 
Euhedral to 
Anhedral 
35% 
Chlorite Medium to Fine 
Grained 
Anhedral 5% 
Epidote Medium to Fine 
Grained 
Anhedral 8% 
Chalcopyrite Fine Grained Subhedral 1% 
Sphalerite Fine Grained Subhedral 1% 
Pyrite Fine Grained Subhedral Trace 
 
Vein Description: 
• There is a discontinuous quartz and plagioclase vein. Some of the quartz and 
plagioclase crystals display graphic texture. 
 
 
Fluid inclusion Description: 
• Not an epidote vein so it won’t be examine for epidote fluid inclusions because it 
won’t help identify the temperature of the epidote veins that formed. 
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Sample: SUD-SC-015 Renamed CC-15 
 
Overall Description: 
1. There are minor (2%) crystals of chalcopyrite/sphalerite.  
2. There is a bleb/patch-like (almost vein-like) discontinuous chlorite.  
3. The groundmass is composed of fine-grained quartz, and feldspar. Some of the 
quartz crystals exhibit granophyric texture but the entire crystal goes extinct at the 
same time.  
4. The chlorite may be altered from tabular biotite.  
Mineral Grain Size Grain Shape Compositional % 
Quartz Medium to Fine 
Grained 
Subhedral to 
Anhedral 
30% 
Epidote Medium Grained Subhedral 30% 
Amphibole Medium to Fine 
Grained 
Subhedral 15% 
Plagioclase Feldspar Fine Grained Subhedral to 
Anhedral 
25% 
Chlorite Fine Grained Subhedral 3% 
Biotite Fine Grained Subhedral Trace 
Chalcopyrite/Sphalerite Fine Grained Subhedral 2% 
Vein Description: 
• Medium grained polycrystalline epidote veins, with inclusions of both medium 
and fine grained quartz. The epidote vein is covered in dark brown like the other 
thin sections. 
Fluid inclusion Description: 
• Many single-phase fluid inclusions, not many two-phase fluid inclusions. Both 
singe- and two-phase inclusions are up to 1 micron in size. 
 
Picture below shows quartz and albite exhibiting granophyric texture. 
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Sample: SUD-SC-016 Renamed CC-16 
 
Overall Description: 
1. This thin section is mainly composed by ore minerals, the gaps between the ore 
minerals are usually too small and too dark to identify minerals.  
2. In the larger silicate patches there is subhedral-anhedral epidote, medium-grained 
chlorite, and subhedral biotite. The biotite is altering to chlorite. There are also 
some fibrous minerals (ppl green, xpl orangey-yellow).  
3. The ore mineral portion of the sample is mainly composed of pyrite, magnetite 
with minor to trace chalcopyrite. The pyrite crystals are better preserved (for the 
most part) than the magnetite crystals. The magnetite crystals are heavily 
fractured and also have some sort of weird texture or material on top of them, in 
the middle of the crystals not the edges.  
 
Mineral Grain Size Grain Shape Compositional % 
Epidote Fine to Very Fine 
Grained 
Subhedral to Anhedral 25% 
Chlorite Fine Grained Subhedral 10% 
Biotite Fine Grained Subhedral 5% 
Chalcopyrite Fine Grained Anhedral  Trace 
Pyrite Medium to Fine 
Grained 
Euhedral to Subhedral 50% 
Magnetite Fine Grained Subhedral to Anhedral 10% 
 
Vein Description: 
• This sample is comprised of a sulphide vein with silicate minerals intergrown 
with the sulphide minerals. 
 
Fluid inclusion Description: 
• Not an epidote vein so it won’t be examine for epidote fluid inclusions because it 
won’t help identify the temperature of the epidote veins that formed. 
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Foy-Hess Intersection Polished Thin Section Descriptions: 
 
Sample: SC-2016-01 Renamed FH-01 
 
Overall Description: 
1. The host rock is fine-grained quartz, biotite and albite (without twinning). The 
quartz crystals are medium- to fine-grained and some are polycrystalline. 
2. Minor amounts of sulphides are present in this thin section.  
 
Mineral Grain Size Grain Shape Compositional % 
Epidote Medium to Fine 
Grained 
Subhedral  15% 
Quartz Coarse to Fine 
Grained 
Subhedral 55% 
Biotite Fine Grained Subhedral 20% 
Chalcopyrite Medium Grained Anhedral  Trace 
Pyrite Medium Grained Subhedral 5% 
Albite Fine Grained Subhedral to Anhedral 5% 
 
Vein Description: 
•  Quartz vein crosscutting the host rock. biotite, albite and quartz are located along 
the edge of the quartz vein. 
 
Fluid inclusion Description: 
•  The coarse grained quartz contains 2 phase fluid inclusions which may be 
primary inclusions. Many empty fluid inclusions are secondary of various sizes. 
• Two phase fluid inclusions present in both quartz and epidote. 
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Sample: SC-2016-02 Renamed FH-02 
 
Overall Description: 
1. This sample contains an epidote-quartz vein and some pyrite can be seen in and 
near the edge of the vein. 
2. The host rock is composed of fine grained biotite, quartz, albite and chlorite. 
3. Biotite is altering to chlorite. 
 
Mineral Grain Size Grain Shape Compositional % 
Epidote Medium to Fine Grained Subhedral  20% 
Quartz Medium to Fine Grained Subhedral 30% 
Biotite Fine Grained Subhedral 30% 
Chlorite Fine Grained Anhedral  10% 
Pyrite Medium Grained Euhedral to Subhedral 2% 
Albite Fine Grained Subhedral to Anhedral 8% 
 
Fluid inclusion Description: 
•  The fine-grained quartz contains 2-phase fluid inclusions, which are different 
from the single phase inclusions that form in rows that cross crystal boundaries.  
• Two phase fluid inclusions present in both quartz and epidote. 
Top two pictures below show medium-grained epidote (ep) and quartz (qtz), with pyrite.  
Bottom two pictures below show biotite (bt) altering to chlorite (chl). 
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Sample: SC-2016-03 Renamed FH-03 
 
Overall Description: 
• Epidote vein crosscutting the country rock. The epidote vein is mostly composed 
of fine-grained epidote with patches of medium-grained epidote. 
• There are also patches of chlorite altered from biotite.  
• Minor amounts of quartz and chlorite are present in the epidote vein. 
• Quartz formed in elongated bladed textures. 
 
Mineral Grain Size Grain Shape Compositional % 
Epidote Medium to Fine 
Grained 
Subhedral  40% 
Quartz Medium to Fine 
Grained 
Subhedral 20% 
Biotite Fine Grained Subhedral 10% 
Chlorite Medium Grained Anhedral  15% 
Potassium Feldspar Fine Grained Euhedral to Subhedral 5% 
Albite Fine Grained Subhedral to Anhedral 10% 
 
Fluid inclusion Description: 
• Coarse-grained epidote has many tiny one phase fluid inclusions that are most 
likely secondary.  
• Potentially there are a few two phase fluid inclusions present but they are very 
small so it is hard to distinguish between a single or double phase. 4 confirmed 
two phase fluid inclusions. 
• Fine-grained epidote has some small single-phase fluid inclusions, which are 
more clustered then forming a line that crosses grain boundaries making them 
secondary. The two-phase fluid inclusions are present but are quite small. 
• Chlorite patches contain no useable fluid inclusions. 
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Sample: SC-2016-04A Renamed FH-04A 
 
Overall Description: 
• A network of epidote veins crosscut the host rock. Some of the epidote veins are 
medium grained in the centre of the vein but as near the edges of the vein it 
becomes fine to very fine grained. 
 
Mineral Grain Size Grain Shape Compositional % 
Epidote Medium to Very 
Fine Grained 
Subhedral to Anhedral 25% 
Quartz Fine Grained Subhedral 45% 
Biotite Fine Grained Subhedral to Anhedral 10% 
Chlorite Fine Grained Anhedral  5% 
Pyrite Medium to Fine 
Grained 
Subhedral 3% 
Albite Fine Grained Subhedral to Anhedral 12% 
 
Fluid inclusion Description: 
• Potentially there are a few fluid inclusions present but they are very small so it is 
hard to distinguish between a single or double phase.  
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Sample: SC-2016-04B Renamed FH-04B 
 
Overall Description: 
1. This thin section is mainly composed of epidote veins and pervasive 
discontinuous biotite veins. The groundmass is made up of fine grained quartz 
and fine grained biotite. A minor amount of the quartz has granophyric texture 
with plagioclase. The biotite is pleochroic brown in ppl and brown to more 
vibrant colours in xpl. 
 
Mineral Grain Size Grain Shape Compositional % 
Epidote Fine to Very Fine 
Grained 
Subhedral to Anhedral 25% 
Quartz Coarse grained and 
Fine Grained 
Subhedral 50% 
Biotite Fine Grained Subhedral 15% 
Plagioclase Fine Grained Anhedral 10% 
 
Vein Description: 
• The epidote veins are composed of fine to very fine grained epidote, with quartz 
almost forming a rim around the epidote vein. The epidote vein starts as two main 
veins that connect into one vein then branch back out again into many branches. 
Within some of the epidote vein contains biotite inclusions. 
• Some of the biotite in the sample looks to be forming pervasive discontinuous 
veins throughout the groundmass. 
 
Fluid inclusion Description: 
• The fluid inclusions present in the epidote vein are too small to identify. 
 
The picture below on the left has an epidote vein on the left and a cluster of biotite grains 
on the right of it intergrown with epidote. The picture on the right shows an epidote vein 
with a larger grain size in the middle of the vein and a finer grain size on the edges of the 
vein. 
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Sample: SC-2016-05 Renamed FH-05 
 
Overall Description: 
1. This thin section is composed of fine-grained quartz, medium to coarse-grained 
biotite, which in most cases is altering to chlorite or is intergrown with chlorite. 
There is an interesting texture occurring with the quartz and plagioclase. There is 
also medium grained epidote within a cluster of fine-grained biotite. 
2. See pictures for more interesting textures. 
 
Mineral Grain Size Grain Shape Compositional % 
Epidote Medium to Fine 
Grained 
Subhedral 2% 
Quartz Fine Grained Subhedral 40% 
Pyrite Medium to Very 
Fine Grained 
Euhedral to Subhedral 3% 
Chlorite Fine Grained Subhedral 15% 
Biotite Fine Grained Subhedral 30% 
Plagioclase Fine Grained Subhedral 10% 
 
Vein Description: 
• Thin chlorite vein can be seen traversing through the middle of the thin section. 
 
Fluid inclusion Description: 
• No fluid inclusions large enough to analyze and there is only two percent epidote. 
 
Picture below on the left is biotite being altered to chlorite. The picture on the right in 
between fine-grained biotite is a mixture of very fine-grained albite and labradorite. 
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Sample: SC-2016-06 Renamed FH-06 
 
Overall Description: 
• This thin section is mainly composed of medium-grained plagioclase, biotite, 
chlorite and fine-grained quartz and biotite. Some of the medium-grained biotite 
is partially or fully altered to chlorite. This thin section contains a fine-grained 
epidote vein. 
Mineral Grain Size Grain Shape Compositional % 
Epidote Fine to Very Fine 
Grained 
Subhedral to Anhedral 15% 
Quartz Coarse grained and 
Fine Grained 
Subhedral 20% 
Pyrite Fine Grained Subhedral 2% 
Chalcopyrite Medium to Fine 
Grained 
Subhedral 3% 
Chlorite Medium Grained Subhedral 15% 
Biotite Medium to Fine 
Grained 
Subhedral 20% 
Plagioclase Medium Grained Anhedral 25% 
Vein Description: 
• The epidote veins are composed of fine to very fine-grained epidote, with linear 
sections of very fine-grained quartz. 
 
Fluid inclusion Description: 
• The fluid inclusions present in the epidote vein are too small to identify. 
 
Sample: SC-2016-08 Renamed FH-08 
 
Overall Description: 
• The epidote vein is essentially the entire thin section. Within the epidote vein are 
inclusions of medium to fine grained quartz and biotite. Near the edge of the thin 
section just outside of the vein, some of the biotite crystals are partially and fully 
altering to chlorite. 
Mineral Grain Size Grain Shape Compositional % 
Epidote Medium to Fine 
Grained 
Subhedral 45% 
Quartz Medium to Fine 
Grained 
Subhedral 35% 
Chlorite Medium Grained Subhedral  5% 
Biotite Medium to Fine 
Grained 
Subhedral 10% 
Plagioclase Medium to Fine 
Grained 
Anhedral 5% 
Fluid inclusion Description: 
• The fluid inclusions present in the epidote vein are too small to identify. 
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Sample: SC-2016-09 Renamed FH-09 
 
Overall Description: 
• The groundmass is comprised of quartz, epidote, plagioclase, chlorite and biotite. 
The biotite is altering to chlorite. 
 
Mineral Grain Size Grain Shape Compositional % 
Epidote Fine Grained Subhedral 7% 
Quartz Fine Grained Anhedral 35% 
Chlorite Medium Grained Subhedral  20% 
Biotite Fine Grained Subhedral 20% 
Plagioclase Fine Grained Subhedral 18% 
 
Vein Description:  
• There is a quartz vein running through the middle of the thin section it is 
composed of fine-grained quartz. 
 
Fluid inclusion Description: 
• The fluid inclusions present in the quartz vein are too small to identify. 
 
Sample: SC-2016-10 Renamed FH-10 
 
Overall Description: 
• The groundmass is comprised of quartz, epidote, potassium feldspar, chlorite and 
biotite. The biotite is altering to chlorite and epidote. The epidote in the 
groundmass forms in discontinuous veins. The quartz forms in irregular shapes, 
anhedral.  
 
Mineral Grain Size Grain Shape Compositional % 
Epidote Medium Grained Subhedral 50% 
Quartz Fine Grained Anhedral 7% 
Chlorite Medium Grained Subhedral  8% 
Biotite Fine Grained Subhedral 10% 
Potassium Feldspar Fine Grained Subhedral 25% 
 
Vein Description:  
• Discontinuous fine-grained epidote veins crosscutting the host rock. 
• The main epidote vein is fine to very fine grained along the edges of the thin 
section then becomes medium grained towards the middle. 
 
Fluid inclusion Description: 
• The epidote in the vein contains many fluid inclusions, including single-phase 
inclusions and two-phase fluid inclusions. There are secondary two/one phase 
fluid inclusions. There are also two-phase primary? inclusions. 
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Sample: SC-2016-11 Renamed FH-11 
 
Overall Description: 
• The groundmass of the granite is composed of coarse to medium grained quartz 
and potassium feldspar and fine-grained chlorite and biotite. The groundmass of 
the host rock is fine-grained biotite, quartz and plagioclase.  
 
Mineral Grain Size Grain Shape Compositional % 
Epidote Fine Grained Subhedral 3% 
Quartz Medium to Fine 
Grained 
Subhedral to Anhedral 27% 
Plagioclase Fine Grained Subhedral  10% 
Biotite Fine Grained Subhedral 40% 
Potassium Feldspar Medium to Fine 
Grained 
Anhedral 20% 
 
Vein Description:  
• There is a thin epidote vein crosscutting the host rock, part of the vein has been 
ground off when the thin section was made. 
 
Fluid inclusion Description: 
• The fluid inclusions present in the epidote vein are too small to identify. 
 
The pictures below show a large polycrystalline quartz (qtz) grain in plane-polarized light 
(ppl) and cross-polarized light (xpl). 
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Sample: SC-2016-12 Renamed FH-12 
 
Overall Description: 
• The thin section is mainly filled with the epidote vein. The epidote vein has 
patches of host rock within it. These patches contain plagioclase, chlorite, biotite 
and quartz. The groundmass is composed of fine-grained biotite, chlorite, quartz 
and plagioclase. 
• The epidote vein is fine- to very fine-grained. 
 
Mineral Grain Size Grain Shape Compositional % 
Epidote Fine to Very Fine 
Grained 
Subhedral to Anhedral 55% 
Quartz Fine Grained Subhedral to Anhedral 10% 
Chlorite Fine Grained Subhedral  5% 
Biotite Fine Grained Subhedral 10% 
Plagioclase Fine Grained Subhedral to Anhedral 20% 
 
Fluid inclusion Description: 
• The fluid inclusions present in the epidote vein are too small to measure. There 
are two-phase inclusions (L +V) present in the epidote. Some of the fluid 
inclusions appear to have leaked. 
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Nickel Offset Mine Polished Thin Section Descriptions 
 
Sample: SUD-SC-NOM-1 Renamed NOM-01 
 
Overall Description: 
• The groundmass is composed of coarse-grained potassium feldspar, quartz, 
plagioclase, and biotite.  The biotite is partially altering to chlorite in a small 
percentage of crystals. 
 
Mineral Grain Size Grain Shape Compositional % 
Epidote Fine to Very Fine 
Grained 
Subhedral 10% 
Quartz Coarse and Fine 
Grained 
Subhedral to Anhedral 40% 
Plagioclase Coarse and Fine 
Grained 
Subhedral  15% 
Biotite Fine Grained Subhedral 5% 
Potassium Feldspar Coarse Grained Subhedral 30% 
 
Vein Description:  
• The epidote vein is composed primarily of very fine-grained epidote. Along the 
edges of the epidote vein are fine-grained epidote and broken down quartz and 
feldspar. Within the vein is minor fine-grained quartz and trace plagioclase. The 
edge of the epidote vein is jagged suggesting that it broke up pieces of the rock 
around it and those pieces of quartz and plagioclase were incorporated into the 
edge of the vein. 
 
Fluid inclusion Description: 
• There are two-phase fluid inclusions present in the epidote vein but are too small 
to analyze. 
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Sample: SUD-SC-NOM-2 Renamed NOM-02 
 
Overall Description: 
• The groundmass is composed of coarse-grained potassium feldspar, quartz and 
plagioclase with minor amounts of fine-grained biotite and actinolite. The crystals 
near the edge of the vein appear to be broken up and incorporated into the vein. 
 
Mineral Grain Size Grain Shape Compositional % 
Epidote Fine to Very Fine 
Grained 
Subhedral 40% 
Quartz Medium Grained Subhedral to Anhedral 20% 
Plagioclase Medium Grained Subhedral  10% 
Actinolite Fine Grained Euhedral to Subhedral  5% 
Biotite Fine Grained Subhedral 5% 
Potassium Feldspar Grained Subhedral 20% 
 
Vein Description:  
• The epidote vein is composed of very fine-grained epidote with fine-grained 
plagioclase and quartz. The fine-grained plagioclase and quartz primarily occurs 
near the edges of the epidote vein, this could be due to the host rock being broken 
up as the vein pushed its way through. 
 
Fluid inclusion Description: 
• The fluid inclusions present in the epidote vein are too small to identify or analyze 
more than one phase. 
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Sample: SUD-SC-NOM-3 Renamed NOM-03 
 
Overall Description: 
• The groundmass is composed of medium-grained quartz, plagioclase, potassium 
feldspar, and fine-grained biotite and chlorite. The potassium feldspar contains 
inclusions of chlorite. 
 
Mineral Grain Size Grain Shape Compositional % 
Epidote Fine to Very Fine 
Grained 
Euhedral to Subhedral 10% 
Quartz Medium to Fine 
Grained 
Subhedral to Anhedral 25% 
Plagioclase Medium to Fine 
Grained 
Subhedral  20% 
Chlorite Fine to Very Fine 
Grained 
Subhedral to Anhedral 15% 
Biotite Fine Grained Euhedral to Subhedral 10% 
Potassium Feldspar Medium to Fine 
Grained 
Subhedral 20% 
 
Vein Description:  
• The epidote vein is primarily very fine-grained epidote with fine-grained 
inclusions of quartz and plagioclase. The edge of the epidote vein contains no 
inclusions of quartz or plagioclase it is just pure very fine-grained epidote. The 
epidote vein branches off and the branch is fine grained. 
 
Fluid inclusion Description: 
• The fluid inclusions present in the epidote vein are too small to identify. 
 
The picture below on the left shows an epidote vein with chlorite inclusions. The picture 
below on the right shows biotite being altered to chlorite. 
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Sample: SUD-SC-NOM-4 Renamed NOM-04 
 
Overall Description: 
• The potassium feldspar granite host rock is composed of medium-grained 
potassium feldspar, quartz and plagioclase with fine-grained chlorite.  
 
Mineral Grain Size Grain Shape Compositional % 
Epidote Fine to Very Fine 
Grained 
Euhedral to Subhedral 50% 
Quartz Medium to Fine 
Grained 
Subhedral to Anhedral 8% 
Plagioclase Medium to Fine 
Grained 
Subhedral  22% 
Chlorite Fine Grained Subhedral 5% 
Potassium Feldspar Medium Grained Subhedral to Anhedral 15% 
 
Vein Description:  
• The epidote vein is a mixture of mostly very fine grained epidote with some fine 
grained epidote. The host rock is broken up and incorporated into the vein in 
some places along the edge of the vein but not all the way along, just where the 
epidote vein branches out. 
 
Fluid inclusion Description: 
• There are single and two-phase (L+V) fluid inclusions present in the epidote vein 
but they are too small to analyze. 
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Sample: SUD-SC-NOM-5 Renamed NOM-05 
 
Overall Description: 
• The host rock is potassium feldspar granite. The granite is composed of medium-
grained potassium feldspar, plagioclase quartz and minor fine-grained biotite and 
chlorite. The majority of the biotite has been altered from biotite to chlorite. 
 
Mineral Grain Size Grain Shape Compositional % 
Epidote Fine to Very Fine 
Grained 
Subhedral 30% 
Quartz Medium to Very 
Fine Grained 
Subhedral to Anhedral 15% 
Plagioclase Medium to Very 
Fine Grained 
Subhedral  28% 
Chlorite Fine Grained Subhedral 5% 
Biotite Fine Grained Subhedral 2% 
Potassium Feldspar Medium Grained Subhedral 20% 
 
Vein Description:  
• There are three epidote veins crosscutting the thin section, which are all 
approximately parallel to each other.  
• The smallest vein starts out as one and then branches off and tapers out. This vein 
is composed of fine-grained epidote and contains inclusions of fine-grained quartz 
and plagioclase. The edge of this vein is jagged. 
• The second epidote vein has a jagged edge and is composed of fine-grained 
epidote. It is approximately twice as thick as the smallest vein. This vein also has 
inclusions of fine-grained quartz and plagioclase. 
• The third vein is approximately five times as thick as the second vein and is 
composed of primarily fine to very fine-grained epidote. This vein has a much 
smoother edge than the other two and one of the edges is composed of solely fine 
grained epidote where as the other edge is composed of solely very fine grained 
epidote. In the middle of the vein are fine to very fine inclusions of plagioclase 
and quartz. 
 
Fluid inclusion Description: 
• There are mostly single-phase fluid inclusions present in the epidote vein with 
minor amounts of two-phase fluid inclusions but both are too small to analyze. 
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The pictures below show the grain size difference in epidote with an medium grained 
albite on the right. 
 
 
Sample: SUD-SC-NOM-6 Renamed NOM-06 
 
Overall Description: 
• Potassium granite is the host rock and it is composed of coarse to medium-grained 
potassium feldspar, medium grained quartz and plagioclase with minor fine-
grained chlorite.  
 
Mineral Grain Size Grain Shape Compositional % 
Epidote Fine to Very Fine 
Grained 
Euhedral to Subhedral 20% 
Quartz Medium Grained Subhedral  29% 
Plagioclase Medium Grained Subhedral  10% 
Chlorite Fine Grained Subhedral 1% 
Potassium Feldspar Coarse to Medium 
Grained 
Subhedral 40% 
 
Vein Description:  
• The epidote vein is composed of fine to very fine-grained epidote. It branches off 
on both sides and contains minor amounts of fine-grained quartz and plagioclase. 
The edges of the vein varies along the length of the vein from smooth to jagged. 
 
Fluid inclusion Description: 
• There are many single and two-phase fluid inclusions present in the epidote vein 
but they are less than a micron in size so they are too small to analyze. 
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The picture below shows the difference sizes of epidote grains within a vein. 
 
 
Sample: SUD-SC-NOM-7 Renamed NOM-07 
 
Overall Description: 
• The entire thin section is primarily the epidote vein but there are many inclusions 
of medium-grained quartz, plagioclase, and potassium feldspar, with minor 
amounts of fine-grained chlorite. 
 
Mineral Grain Size Grain Shape Compositional % 
Epidote Very Fine Grained Subhedral 50% 
Quartz Medium Grained Subhedral to Anhedral 20% 
Plagioclase Medium Grained Subhedral  13% 
Chlorite Fine Grained Subhedral 2% 
Potassium Feldspar 
(Microcline) 
Medium Grained Subhedral 15% 
Vein Description:  
• The epidote vein is very fine grained. Parts of the vein have more inclusions than 
epidote crystals.  
 
Fluid inclusion Description: 
• The fluid inclusions present in the epidote vein are too small to identify or to 
measure the temperature. 
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Sample: SUD-SC-NOM-8 Renamed NOM-08 
 
Overall Description: 
• The host rock is composed of fine-grained quartz, epidote, plagioclase, biotite and 
chlorite. The biotite is undergoing chloritzation, altering the biotite to chlorite. 
There is granophyric texture between plagioclase and quartz all over the thin 
section. 
 
Mineral Grain Size Grain Shape Compositional % 
Epidote Fine Grained Euhedral to Subhedral 25% 
Quartz Fine Grained Subhedral to Anhedral 30% 
Plagioclase Fine Grained Subhedral to Anhedral 30% 
Chlorite Fine Grained Subhedral  5% 
Biotite Fine Grained Subhedral 10% 
 
Vein Description:  
• The epidote vein is primarily composed of fine-grained epidote with minor 
inclusions of quartz and plagioclase. The edges of the vein are smooth for the 
most part. Near the edge of the vein it becomes very fine-grained, which could be 
due to the epidote coming into contact with the host rock. 
 
Fluid inclusion Description: 
• The majority of the fluid inclusions present are single-phase inclusions in the 
epidote vein but they are too small to analyze. 
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Sample: SUD-SC-NOM-9 Renamed NOM-09 
 
Overall Description: 
• The thin section has one major vein traversing across it and within that vein it has 
another smaller vein overprinting it. The host rock is composed of fine grained 
quartz, plagioclase, biotite, chlorite and epidote. The quartz and plagioclase grew 
together having a granophyric texture. The biotite is undergoing chloritzation, 
forming chlorite. There is also a very thin epidote vein that crosscuts the host rock 
in addition to the major one. 
 
Mineral Grain Size Grain Shape Compositional % 
Epidote Fine to Very Fine 
Grained 
Subhedral 20% 
Quartz Fine Grained Subhedral to Anhedral 35% 
Plagioclase Fine Grained Subhedral to Anhedral 30% 
Biotite Fine Grained Subhedral 5% 
Chlorite Fine Grained Subhedral 10% 
 
Vein Description:  
• The main epidote vein is composed of fine grained epidote with rough edges but 
very few inclusions of quartz. The epidote vein that is overprinting the major vein 
is composed of very fine-grained epidote and the edges are much smoother on this 
vein. The overprinting vein also has minor inclusions of fine-grained quartz. 
 
Fluid inclusion Description: 
• The fluid inclusions present in the epidote vein are too small  to identify more 
than one phase and are too small to analyze. 
 
The pictures below show the different sizes of epidote grains found within veins. The 
picture on the left shows a fine-grained epidote vein overlapping a coarser grained 
epidote vein. 
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Sample: SUD-SC-NOM-10 Renamed NOM-10 
 
Overall Description: 
• The majority of the thin section is the epidote vein, which contains many 
inclusions of coarse to medium grained microcline, and fine grained quartz, 
plagioclase pyrite and biotite with trace amount of chlorite. The chlorite formed 
through the chloritzation of biotite. 
 
Mineral Grain Size Grain Shape Compositional % 
Epidote Fine to Very Fine 
Grained 
Subhedral 65% 
Quartz Fine Grained Subhedral to Anhedral 10% 
Plagioclase Fine Grained Subhedral  5% 
Pyrite Fine Grained Euhedral to Subhedral 3% 
Chlorite Fine Grained Subhedral Trace 
Biotite Fine Grained Subhedral 2% 
Potassium Feldspar 
(Microcline) 
Coarse to Medium 
Grained 
Subhedral 15% 
 
Vein Description:  
• The epidote vein is composed of primarily very fine-grained epidote with lesser 
amounts of fine-grained epidote. These grain size changes occur together 
throughout the vein. 
 
Fluid inclusion Description: 
• The fluid inclusions present in the epidote vein are primarily single-phase 
inclusions that are too small to analyze and the rest too small to identify the 
number of phases present. 
 
 
Spot Name
SiO2 
(Mass%)
Al2O3 
(Mass%)
Na2O 
(Mass%)
MgO 
(Mass%)
F 
(Mass%)
Fe2O3 
(Mass%)
CaO 
(Mass%)
TiO2 
(Mass%)
K2O 
(Mass%)
Cl 
(Mass%)
SrO 
(Mass%)
NiO 
(Mass%)
MnO 
(Mass%)
Cr2O3 
(Mass%)
PtO 
(Mass%)
Nb2O5 
(Mass%)
CuO 
(Mass%)
PdO 
(Mass%)
Lu2O3 
(Mass%) Total
CC-008_spot2_01 37.77 24.33 b.d b.d b.d 11.35 22.95 b.d b.d b.d 0.65 b.d 0.13 b.d n.a n.a n.a n.a n.a 97.21
CC-008_spot2_02 35.73 18.99 b.d b.d b.d 9.13 24.39 8.40 b.d b.d 0.25 b.d 0.11 b.d n.a n.a n.a n.a n.a 97.14
CC-008_spot4_01 38.02 23.71 b.d b.d b.d 12.16 23.25 b.d b.d b.d 0.32 b.d 0.16 b.d n.a n.a n.a n.a n.a 97.58
CC-008_spot4_04 37.84 23.51 b.d b.d b.d 12.02 23.27 b.d b.d b.d 0.29 b.d 0.14 b.d n.a n.a n.a n.a n.a 97.10
CC-010_spot2_03 37.54 24.28 b.d b.d b.d 10.41 23.25 b.d b.d 0.04 b.d b.d b.d b.d n.a n.a n.a n.a n.a 95.83
CC-010_spot3_04 37.62 23.10 b.d 0.09 b.d 12.37 23.05 0.13 0.10 0.02 0.16 b.d 0.12 b.d n.a n.a n.a n.a n.a 96.79
CC-010_spot3_05 36.76 19.35 b.d b.d b.d 15.86 22.40 b.d b.d 0.03 0.62 b.d b.d b.d n.a n.a n.a n.a n.a 95.26
CC-014_spot2_03 37.87 23.23 b.d b.d b.d 12.55 23.04 b.d b.d b.d b.d b.d 0.17 b.d n.a n.a n.a n.a n.a 97.18
NOM-005_spot4_05 36.46 20.40 b.d 0.2 b.d 15.21 22.26 0.13 b.d b.d 0.50 b.d 0.34 b.d n.a n.a n.a n.a n.a 95.49
NOM-005_spot4_06 37.85 24.51 b.d b.d b.d 10.49 23.11 b.d b.d b.d 0.30 b.d 0.13 b.d n.a n.a n.a n.a n.a 96.48
NOM-002_spot1_03 37.18 22.72 b.d b.d b.d 12.38 22.21 0.11 0.051 0.08 0.89 b.d 0.35 b.d n.a n.a n.a n.a n.a 96.04
NOM-002_spot1_04 37.79 24.17 b.d b.d b.d 11.15 22.82 b.d b.d b.d 0.72 b.d 0.12 b.d n.a n.a n.a n.a n.a 96.75
NOM-002_spot2_03 37.33 23.36 b.d 0.14 b.d 11.82 22.79 0.18 b.d b.d 0.51 b.d b.d b.d n.a n.a n.a n.a n.a 96.27
NOM-002_spot2_04 37.51 23.06 b.d 0.23 b.d 12.08 22.82 0.14 b.d b.d 0.43 b.d b.d b.d n.a n.a n.a n.a n.a 96.42
NOM-002_spot3_03 37.73 24.44 b.d b.d b.d 11.15 23.37 0.10 b.d b.d 0.35 b.d b.d b.d n.a n.a n.a n.a n.a 97.29
NOM-002_spot3_04 37.43 25.24 b.d 0.19 b.d 10.58 22.31 b.d b.d b.d 0.99 b.d 0.62 b.d n.a n.a n.a n.a n.a 97.44
NOM-009_spot1_05 37.49 24.39 b.d b.d b.d 10.73 22.38 b.d b.d b.d 0.82 b.d b.d b.d n.a n.a n.a n.a n.a 95.94
NOM-009_spot1_06 38.50 25.31 0.183 b.d b.d 9.46 22.45 b.d b.d 0.016 0.31 b.d 0.13 b.d n.a n.a n.a n.a n.a 96.48
NOM-009_spot2_03 37.18 23.85 b.d b.d b.d 11.35 23.14 b.d b.d b.d 0.21 b.d 0.18 b.d n.a n.a n.a n.a n.a 95.85
NOM-009_spot2_04 38.13 25.12 b.d b.d b.d 10.33 23.11 b.d b.d b.d 0.27 b.d 0.18 b.d n.a n.a n.a n.a n.a 97.14
NOM-003_spot1_07 37.26 22.65 b.d b.d b.d 12.57 22.35 b.d b.d b.d 0.23 b.d 0.06 b.d n.a n.a n.a n.a n.a 95.25
NOM-003_spot1_08 38.06 24.26 b.d b.d b.d 11.27 23.04 b.d b.d b.d 0.33 b.d 0.20 b.d n.a n.a n.a n.a n.a 97.20
NOM-003_spot3_05 38.00 24.31 b.d b.d b.d 11.13 23.09 b.d b.d b.d 0.55 b.d 0.17 b.d n.a n.a n.a n.a n.a 97.36
NOM-003_spot3_06 38.03 24.49 b.d b.d b.d 10.91 23.11 b.d b.d b.d 0.28 b.d 0.24 b.d n.a n.a n.a n.a n.a 97.17
NOM-003_spot4_03 37.97 25.00 b.d b.d b.d 10.52 22.51 b.d b.d b.d 1.03 b.d b.d b.d n.a n.a n.a n.a n.a 97.10
FH-002_spot1_07 37.47 23.51 b.d b.d b.d 12.08 23.04 b.d b.d b.d 0.15 b.d 0.14 b.d n.a n.a n.a n.a n.a 96.54
FH-002_spot1_08 37.61 23.83 b.d b.d b.d 11.39 22.97 b.d b.d b.d 0.16 b.d 0.15 b.d n.a n.a n.a n.a n.a 96.20
FH-002_spot3_05 37.46 23.60 b.d b.d b.d 11.62 23.07 b.d b.d b.d 0.17 b.d b.d b.d n.a n.a n.a n.a n.a 96.11
FH-002_spot3_06 37.34 23.74 b.d b.d b.d 11.32 23.07 b.d b.d b.d 0.16 b.d 0.17 b.d n.a n.a n.a n.a n.a 95.82
FH-002_spot4_05 37.69 23.84 b.d b.d b.d 11.59 23.13 b.d b.d b.d 0.13 b.d 0.17 b.d n.a n.a n.a n.a n.a 96.61
FH-002_spot5_05 37.88 24.03 b.d b.d b.d 11.30 23.05 b.d b.d b.d 0.11 b.d 0.21 b.d n.a n.a n.a n.a n.a 96.74
FH-002_spot5_06 37.43 23.83 b.d b.d b.d 11.05 22.19 0.21 b.d b.d b.d b.d b.d b.d n.a n.a n.a n.a n.a 94.84
FH-003_spot1_03 38.03 25.27 b.d b.d b.d 10.27 23.28 b.d b.d b.d b.d b.d b.d b.d n.a n.a n.a n.a n.a 97.09
FH-003_spot3_03 37.74 25.24 b.d b.d b.d 10.00 23.35 b.d b.d b.d 0.39 b.d b.d b.d n.a n.a n.a n.a n.a 96.80
FH-003_spot3_04 37.63 25.40 b.d b.d b.d 9.71 22.65 b.d b.d b.d 0.41 b.d b.d b.d n.a n.a n.a n.a n.a 95.92
FH-003_spot4_05 37.56 24.09 b.d b.d b.d 11.49 22.83 b.d b.d b.d 0.26 b.d 0.33 b.d n.a n.a n.a n.a n.a 96.54
FH-003_spot4_06 38.15 25.83 b.d b.d b.d 9.37 23.07 b.d b.d b.d 0.12 b.d 0.12 b.d n.a n.a n.a n.a n.a 96.84
FH-010_spot1_05 37.99 25.46 b.d b.d b.d 9.71 23.02 b.d b.d b.d 0.16 b.d 0.19 0.18 n.a n.a n.a n.a n.a 96.82
FH-010_spot5_06 37.81 24.29 b.d b.d b.d 11.31 23.27 b.d b.d b.d 0.15 b.d 0.18 b.d n.a n.a n.a n.a n.a 97.08
CC-005_1_ep_01 37.47 24.16 b.d 0.04 0.09 10.85 23.23 0.01 b.d 0.003 0.42 b.d n.a n.a b.d b.d b.d 0.009 b.d 96.33
CC-005_1_ep_02 37.04 23.58 b.d 0.28 b.d 11.48 22.41 0.03 0.008 0.01 1.04 b.d n.a n.a b.d b.d b.d 0 b.d 95.93
CC-005_1_ep_03 36.86 21.51 b.d 0.05 b.d 14.28 22.48 b.d b.d 0.003 0.65 b.d n.a n.a 0.001 b.d b.d 0 b.d 95.93
CC-005_1_ep_04 36.93 23.04 0.02 0.33 b.d 12.25 22.46 0.06 0.008 0.006 0.67 b.d n.a n.a b.d b.d 0.064 0 b.d 95.84
CC-005_1_ep_05 37.10 23.03 b.d 0.07 b.d 11.85 22.83 0.09 b.d 0.004 0.96 b.d n.a n.a b.d b.d b.d 0.011 0.10 96.06
CC-005_2_ep_01 37.07 22.84 b.d 0.36 b.d 12.40 22.46 0.02 0.004 0.002 0.83 b.d n.a n.a b.d b.d 0.048 0.002 0.13 96.22
CC-005_2_ep_02 37.48 23.10 b.d 0.06 b.d 12.05 23.01 0.03 0.007 0.006 0.32 b.d n.a n.a 0.024 b.d b.d 0.007 b.d 96.15
CC-005_2_ep_03 37.07 22.27 b.d 0.02 b.d 12.93 22.79 0.04 0.007 0.004 0.67 0.05 n.a n.a b.d b.d b.d 0 b.d 95.91
CC-005_2_ep_04 37.29 25.86 b.d b.d b.d 8.98 22.25 0.04 b.d 0.002 1.58 b.d n.a n.a b.d b.d 0.046 0 b.d 96.04
CC-005_2_ep_05 37.19 24.74 b.d 0.02 b.d 10.62 22.47 0.03 b.d 0.00 0.96 0.06 n.a n.a 0.00 b.d b.d 0.01 b.d 96.09
CC-005_2_ep_06 36.97 22.23 0.02 0.40 b.d 12.73 21.95 0.06 0.08 b.d 0.94 b.d n.a n.a 0.00 b.d b.d 0.01 b.d 95.42
CC-005_2_ep_07 37.27 26.96 b.d 0.04 b.d 7.40 23.12 0.07 b.d b.d 1.00 b.d n.a n.a 0.00 b.d b.d 0.00 b.d 95.94
CC-005_3_ep_01 33.34 19.78 b.d 0.12 0.07 10.89 17.31 0.26 b.d 0.02 0.26 b.d n.a n.a 0.00 b.d 0.05 0.00 b.d 82.11
CC-005_3_ep_02 37.31 21.98 b.d b.d b.d 13.57 22.63 0.01 0.00 b.d 0.62 b.d n.a n.a 0.00 b.d b.d 0.01 b.d 96.17
CC-005_3_ep_03 37.54 26.20 b.d b.d b.d 8.56 21.99 0.04 b.d 0.00 2.40 b.d n.a n.a 0.02 b.d b.d 0.00 0.11 96.88
CC-005_3_ep_04 36.83 23.59 b.d 0.28 b.d 11.18 22.13 0.08 0.01 0.01 1.22 b.d n.a n.a 0.00 b.d 0.05 0.00 b.d 95.39
CC-005_4_ep_01 36.69 22.71 b.d 0.64 b.d 12.16 21.62 0.25 b.d 0.00 1.01 b.d n.a n.a 0.01 b.d b.d 0.00 b.d 95.16
CC-005_4_ep_02 37.09 25.44 b.d 0.02 b.d 9.24 22.91 0.02 b.d 0.02 0.40 b.d n.a n.a 0.02 b.d b.d 0.00 b.d 95.20
CC-005_4_ep_03 36.92 22.75 0.02 0.04 b.d 12.13 22.58 0.12 b.d 0.01 0.73 b.d n.a n.a 0.02 b.d 0.05 0.00 b.d 95.37
CC-005_4_ep_04 37.02 24.33 b.d 0.10 b.d 10.50 22.08 0.09 0.02 0.00 1.74 b.d n.a n.a 0.03 b.d 0.05 0.00 0.09 96.05
CC-013_1_ep_01 37.05 25.60 0.01 0.02 0.14 9.16 22.17 0.02 b.d 0.01 1.33 b.d n.a n.a b.d 0.01 0.01 b.d 0.04 95.50
CC-013_1_ep_02 37.08 20.82 b.d 0.02 0.004 14.82 22.49 b.d b.d 0.01 0.57 b.d n.a n.a 0.01 0.01 0.04 b.d 0.001 95.86
CC-013_1_ep_03 36.77 20.76 b.d 0.01 b.d 15.25 22.28 0.01 b.d 0.002 0.65 b.d n.a n.a 0.02 b.d 0.04 b.d b.d 95.78
CC-013_1_ep_04 36.90 21.66 0.01 0.03 b.d 13.54 22.33 0.08 b.d 0.004 1.14 b.d n.a n.a b.d b.d 0.06 0.001 0.04 95.78
CC-010_1_ep_01 37.35 23.27 b.d b.d b.d 12.02 22.88 0.02 b.d b.d 0.23 b.d n.a n.a 0.01 b.d b.d b.d b.d 95.93
CC-010_1_ep_02 42.90 22.64 0.009 0.01 b.d 9.15 21.19 b.d b.d 0.004 0.15 b.d n.a n.a b.d b.d b.d 0.002 b.d 96.13
CC-010_1_ep_03 38.06 27.10 b.d 0.04 b.d 7.56 23.35 0.01 0.003 0.008 0.20 b.d n.a n.a b.d b.d 0.046 b.d b.d 96.42
CC-010_1_ep_04 39.42 25.29 0.008 0.02 b.d 8.36 21.87 b.d 0.81 0.004 0.10 b.d n.a n.a 0.03 b.d b.d 0.013 b.d 95.93
CC-010_2_ep_01 37.64 25.34 0.01 0.06 b.d 9.31 23.45 0.02 0.002 0.007 b.d 0.049 n.a n.a 0.02 b.d b.d 0.008 b.d 95.94
CC-010_2_ep_02 37.75 26.66 b.d 0.13 b.d 7.49 23.43 0.02 0.001 0.006 0.12 b.d n.a n.a b.d b.d b.d 0.016 b.d 95.65
CC-010_2_ep_03 37.74 26.49 0.016 0.02 b.d 8.32 23.39 0.03 0.007 0.065 0.07 b.d n.a n.a b.d 0.025 b.d 0.007 b.d 96.22
CC-010_2_ep_04 42.21 21.32 b.d 0.01 b.d 11.21 21.18 0.04 0.005 b.d 0.17 b.d n.a n.a 0.02 b.d b.d 0.011 b.d 96.24
CC-010_2_ep_05 37.30 22.84 b.d 0.01 b.d 12.23 22.89 0.05 b.d 0.003 0.32 b.d n.a n.a b.d b.d 0.058 b.d b.d 95.84
CC-010_3_ep_01 37.45 23.64 b.d 0.01 b.d 11.55 23.10 0.03 b.d 0.004 0.14 b.d n.a n.a 0.02 b.d b.d 0.012 b.d 96.02
CC-010_3_ep_02 39.14 22.91 0.024 0.12 b.d 11.41 22.15 0.03 0.004 0.004 0.11 b.d n.a n.a b.d b.d b.d 0.002 b.d 95.95
CC-010_3_ep_03 37.22 23.00 0.011 0.02 b.d 12.24 22.97 0.02 b.d b.d 0.15 b.d n.a n.a b.d b.d b.d b.d b.d 95.66
CC-010_3_ep_04 39.95 20.45 b.d 0.02 b.d 10.32 22.81 0.03 0.001 b.d 0.12 b.d n.a n.a 0.01 b.d b.d 0.01 b.d 93.71
CC-010_3_ep_05 44.75 20.72 0.026 0.03 b.d 10.42 20.43 0.03 0.003 b.d 0.06 b.d n.a n.a b.d b.d b.d b.d b.d 96.53
CC-004a_1_ep_01 37.16 22.64 0.02 0.02 b.d 12.49 23.03 0.04 0.008 0.012 0.26 b.d n.a n.a 0 b.d b.d 0 b.d 95.67
CC-004a_1_ep_02 37.97 27.24 b.d 0.06 b.d 7.01 23.54 0.10 0.009 0.004 0.09 b.d n.a n.a 0.006 b.d b.d 0.003 b.d 96.10
CC-004a_1_ep_03 38.43 29.33 0.01 0.11 b.d 4.45 23.66 0.15 b.d 0.003 0.10 b.d n.a n.a 0 b.d b.d 0.001 b.d 96.28
CC-004a_1_ep_04 37.67 24.53 0.02 0.02 b.d 10.41 23.18 0.11 b.d 0.008 0.10 b.d n.a n.a 0.019 b.d b.d 0 0.12 96.18
CC-004a_1_ep_05 37.12 22.77 0.01 0.02 b.d 12.56 23.03 0.03 0.004 b.d 0.25 b.d n.a n.a 0 b.d b.d 0 b.d 95.81
CC-004a_2_ep_01 37.11 22.25 0.02 0.03 b.d 13.04 22.78 0.04 0.006 0.005 0.31 b.d n.a n.a 0 b.d b.d 0 b.d 95.65
CC-004a_2_ep_02 37.68 25.31 0.01 0.09 b.d 9.33 23.07 0.10 b.d 0.074 0.20 b.d n.a n.a 0.038 b.d b.d 0 b.d 95.89
CC-004a_2_ep_03 37.12 22.87 0.02 b.d b.d 12.45 22.51 0.04 0.006 0.004 0.87 b.d n.a n.a 0.032 b.d b.d 0 b.d 95.93
CC-004a_2_ep_04 37.45 23.37 b.d 0.02 b.d 11.98 23.11 0.04 0.001 0.003 0.23 b.d n.a n.a 0.001 b.d b.d 0.008 b.d 96.28
CC-004a_3_ep_01 39.28 25.14 b.d 0.02 b.d 9.02 22.68 0.11 0.003 b.d 0.10 b.d n.a n.a 0.012 b.d b.d 0 b.d 96.43
CC-004a_3_ep_02 41.31 25.96 0.01 0.03 b.d 6.66 22.22 0.10 0.015 0.047 0.13 b.d n.a n.a 0.003 b.d 0.04 0 b.d 96.55
CC-004a_3_ep_03 46.99 22.46 0.02 0.14 b.d 7.01 19.68 0.08 0.044 0.002 0.16 b.d n.a n.a 0 b.d b.d 0.004 b.d 96.62
CC-004a_3_ep_04 37.23 24.76 b.d 0.04 b.d 9.99 23.07 0.08 0.001 b.d 0.37 b.d n.a n.a 0 b.d b.d 0.006 b.d 95.64
CC-004a_4_ep_01 40.01 25.18 b.d 0.10 b.d 8.53 22.48 0.04 0.002 b.d 0.11 0.04 n.a n.a 0 b.d b.d 0.008 b.d 96.55
CC-004a_4_ep_02 37.50 24.23 b.d 0.14 b.d 10.72 22.96 0.04 b.d b.d 0.36 b.d n.a n.a 0 0.04 b.d 0.004 0.14 96.13
Epidote	Microprobe	Data b.d=	below	detection	limit n.a=	not	analyzed
CC-004a_4_ep_03 37.59 24.97 b.d 0.04 0.14 9.97 23.09 0.12 0.001 0.003 0.17 b.d n.a n.a 0.01 b.d b.d 0 0.10 96.14
CC-004a_4_ep_04 38.49 28.75 b.d 0.13 b.d 5.14 23.62 0.18 0.006 0.014 0.05 b.d n.a n.a 0.006 b.d b.d 0 b.d 96.42
CC-004a_4_ep_05 36.93 22.35 0.09 1.29 b.d 12.06 21.02 0.07 0.011 0.007 0.62 b.d n.a n.a 0 b.d b.d 0 b.d 94.45
CC-004a_4_ep_06 36.75 20.31 b.d b.d b.d 15.11 22.49 0.02 b.d 0.003 0.64 0.03 n.a n.a 0.013 b.d b.d 0.012 0.09 95.49
FH-02_5_ep_01 37.86 25.25 b.d 0.02 b.d 10.12 22.74 0.06 b.d 0.005 0.21 b.d 0.17 b.d n.a n.a n.a n.a n.a 96.43
FH-02_5_ep_02 37.81 25.37 0.03 0.01 b.d 9.91 22.81 0.03 0.006 0.006 0.13 b.d 0.11 b.d n.a n.a n.a n.a n.a 96.23
FH-02_5_ep_03_L 37.30 24.57 0.01 0.01 b.d 10.86 22.69 0.05 0.007 b.d 0.22 b.d 0.16 0.022 n.a n.a n.a n.a n.a 95.90
FH-02_5_ep_03_D 37.73 26.00 b.d 0.02 b.d 9.34 23.01 0.12 b.d 0.007 0.09 b.d 0.13 b.d n.a n.a n.a n.a n.a 96.44
FH-02_2_ep_01 37.59 25.38 0.01 0.01 b.d 9.68 22.87 0.16 b.d b.d 0.07 b.d 0.14 b.d n.a n.a n.a n.a n.a 95.91
FH-02_2_ep_02 37.67 25.02 0.02 0.02 b.d 9.81 22.91 0.19 0.007 0.008 0.08 b.d 0.17 b.d n.a n.a n.a n.a n.a 95.89
FH-02_3_ep_01 37.67 25.59 0.02 b.d b.d 9.76 22.88 0.08 b.d 0.005 0.19 b.d 0.19 0.023 n.a n.a n.a n.a n.a 96.40
FH-02_3_ep_02 37.49 25.42 b.d 0.02 b.d 9.64 22.99 0.16 b.d b.d 0.12 b.d 0.18 0.035 n.a n.a n.a n.a n.a 96.04
FH-02_4_ep_01 37.46 25.27 b.d 0.03 b.d 9.82 23.01 0.15 b.d 0.008 0.05 b.d 0.14 b.d n.a n.a n.a n.a n.a 95.94
FH-02_4_ep_02 37.83 25.29 0.02 0.02 b.d 9.80 22.97 0.07 b.d 0.02 0.15 b.d 0.17 b.d n.a n.a n.a n.a n.a 96.33
FH-02_6_ep_01 37.83 25.88 0.02 b.d b.d 9.41 23.20 0.14 b.d 0.006 0.09 b.d 0.13 b.d n.a n.a n.a n.a n.a 96.70
FH-02_6_ep_02 37.83 25.47 b.d 0.03 b.d 9.89 23.13 0.02 b.d 0.005 0.15 b.d 0.14 b.d n.a n.a n.a n.a n.a 96.68
FH-04A_1_ep_01 38.20 27.80 0.01 0.04 b.d 7.49 22.90 0.04 0.007 0.049 0.71 b.d 0.29 b.d n.a n.a n.a n.a n.a 97.55
FH-04A_2_ep_01 38.04 25.91 0.03 0.02 b.d 9.70 23.07 b.d b.d b.d 0.36 b.d 0.10 b.d n.a n.a n.a n.a n.a 97.21
FH-04A_2_ep_02 37.86 25.92 b.d b.d b.d 9.32 23.28 0.02 b.d 0.005 0.39 b.d 0.09 0.106 n.a n.a n.a n.a n.a 97.00
FH-04A_2_ep_03 38.15 26.48 0.01 b.d b.d 8.61 23.13 0.03 b.d 0.009 0.58 b.d 0.07 0.244 n.a n.a n.a n.a n.a 97.31
FH-04A_3_ep_01 37.94 25.47 b.d 0.01 b.d 10.18 23.02 0.03 b.d b.d 0.35 b.d 0.13 0.068 n.a n.a n.a n.a n.a 97.19
FH-04A_3_ep_02 37.94 25.99 b.d 0.02 b.d 9.56 23.28 0.08 b.d 0.006 0.11 b.d 0.14 b.d n.a n.a n.a n.a n.a 97.13
FH-04A_3_ep_03 38.22 29.16 b.d 0.02 b.d 6.03 22.86 0.01 b.d 0.008 1.36 b.d 0.06 b.d n.a n.a n.a n.a n.a 97.72
FH-04A_3_ep_04 38.08 25.79 b.d 0.02 b.d 9.58 23.18 0.08 0.015 0.007 0.24 b.d 0.14 0.105 n.a n.a n.a n.a n.a 97.24
FH-04A_4_ep_01 38.49 28.24 0.03 0.02 b.d 6.90 23.07 0.01 b.d 0.01 1.20 b.d 0.04 b.d n.a n.a n.a n.a n.a 98.00
FH-04A_4_ep_02 37.88 25.19 0.02 0.01 b.d 10.52 23.13 0.02 b.d 0.008 0.43 b.d 0.16 b.d n.a n.a n.a n.a n.a 97.35
FH-04A_4_ep_03 38.08 25.10 b.d b.d b.d 10.62 23.17 0.02 0.007 0.007 0.39 b.d 0.12 b.d n.a n.a n.a n.a n.a 97.51
FH-04A_5_ep_01 38.34 28.19 b.d b.d b.d 7.27 23.91 0.04 0.009 0.01 0.09 b.d 0.05 b.d n.a n.a n.a n.a n.a 97.90
FH-04A_5_ep_02 38.44 28.66 b.d 0.01 b.d 6.48 23.24 b.d 0.009 0.006 0.99 b.d 0.06 0.022 n.a n.a n.a n.a n.a 97.91
FH-08_1_ep_01 37.48 24.13 b.d 0.01 b.d 11.40 23.03 0.04 b.d 0.006 0.11 b.d 0.16 b.d n.a n.a n.a n.a n.a 96.37
FH-08_1_ep_02 37.65 24.38 b.d 0.02 b.d 11.18 22.98 0.05 b.d b.d 0.18 b.d 0.08 b.d n.a n.a n.a n.a n.a 96.52
FH-08_2_ep_01 37.49 25.19 0.01 0.01 b.d 9.95 23.03 0.05 b.d 0.008 0.36 b.d 0.20 0.034 n.a n.a n.a n.a n.a 96.32
FH-08_3_ep_01 37.38 24.24 b.d b.d b.d 11.22 23.02 0.05 b.d 0.006 0.13 b.d 0.16 b.d n.a n.a n.a n.a n.a 96.21
FH-08_3_ep_02 37.45 24.24 b.d 0.02 b.d 11.31 23.07 0.06 b.d 0.007 0.14 b.d 0.12 b.d n.a n.a n.a n.a n.a 96.42
FH-10_1_ep_01_L 37.40 23.29 0.02 b.d b.d 11.95 22.86 0.02 0.013 0.009 0.30 b.d 0.12 b.d n.a n.a n.a n.a n.a 95.98
FH-10_1_ep_01_D 37.95 26.02 0.02 0.02 b.d 9.36 23.46 0.19 b.d b.d b.d b.d 0.13 b.d n.a n.a n.a n.a n.a 97.14
FH-10_2_ep_01_L 37.41 23.91 b.d b.d b.d 11.57 23.21 0.02 b.d 0.006 0.12 0.057 0.10 b.d n.a n.a n.a n.a n.a 96.40
FH-10_2_ep_01_D 37.66 26.17 0.01 b.d b.d 8.96 23.18 0.03 b.d 0.007 0.26 b.d 0.15 b.d n.a n.a n.a n.a n.a 96.43
FH-10_3_ep_01_D 38.16 27.46 0.01 b.d b.d 7.39 23.28 0.04 b.d b.d 0.20 b.d 0.20 0.035 n.a n.a n.a n.a n.a 96.77
FH-10_3_ep_01_L 37.35 24.30 b.d 0.03 b.d 11.30 22.46 0.01 b.d 0.006 0.25 b.d 0.51 b.d n.a n.a n.a n.a n.a 96.21
FH-10_4_ep_01_L 37.57 23.57 0.03 b.d b.d 11.95 22.99 b.d 0.008 0.014 0.39 b.d 0.05 b.d n.a n.a n.a n.a n.a 96.56
FH-10_4_ep_01_D 37.64 24.49 0.002 b.d b.d 11.07 23.41 0.03 b.d b.d 0.05 b.d 0.08 b.d n.a n.a n.a n.a n.a 96.77
NOM-03_1_ep_01 37.23 24.70 0.02 0.02 b.d 10.66 22.63 0.09 b.d 0.01 0.39 b.d 0.06 b.d n.a n.a n.a n.a n.a 95.80
NOM-03_1_ep_02 37.18 24.25 0.01 0.01 b.d 10.91 22.38 0.07 b.d 0.01 0.60 b.d 0.05 b.d n.a n.a n.a n.a n.a 95.45
NOM-03_1_ep_03 37.21 25.31 0.02 0.01 b.d 9.93 22.63 0.09 b.d 0.01 0.36 b.d 0.08 b.d n.a n.a n.a n.a n.a 95.65
NOM-03_1_ep_04 36.68 24.21 0.01 0.02 b.d 11.20 21.74 0.02 b.d 0.01 0.79 b.d 0.43 b.d n.a n.a n.a n.a n.a 95.11
NOM-03_3_ep_01 37.69 23.78 0.03 0.21 b.d 11.47 22.31 0.07 0.042 0.05 0.38 b.d 0.10 0.036 n.a n.a n.a n.a n.a 96.16
NOM-03_3_ep_02 37.39 24.34 0.02 0.08 b.d 10.98 22.29 0.04 0.007 0.04 0.64 b.d 0.10 b.d n.a n.a n.a n.a n.a 95.91
NOM-03_3_ep_03 37.57 24.48 0.02 0.02 b.d 10.80 22.63 0.13 b.d 0.01 0.26 b.d b.d b.d n.a n.a n.a n.a n.a 95.91
NOM-03_2_ep_01 36.85 22.45 0.03 0.01 b.d 12.80 22.25 0.05 0.01 0.01 0.49 b.d b.d b.d n.a n.a n.a n.a n.a 94.95
NOM-03_2_ep_02 37.29 25.76 0.02 b.d b.d 9.25 21.82 0.04 b.d 0.01 1.56 b.d 0.07 b.d n.a n.a n.a n.a n.a 95.82
NOM-03_5_ep_01 37.69 23.14 0.03 0.34 b.d 11.59 22.39 0.15 0.014 0.02 0.20 b.d 0.08 b.d n.a n.a n.a n.a n.a 95.64
NOM-03_5_ep_02 37.16 22.14 0.06 0.34 b.d 13.27 21.73 0.05 0.019 0.01 0.48 b.d 0.17 b.d n.a n.a n.a n.a n.a 95.43
NOM-03_5_ep_03 37.01 22.59 0.02 0.15 b.d 12.17 22.45 0.62 0.017 0.02 0.37 b.d 0.09 b.d n.a n.a n.a n.a n.a 95.51
NOM-03_4_ep_01 37.62 25.23 0.02 b.d b.d 10.13 22.47 0.03 0.007 0.01 0.64 b.d 0.15 b.d n.a n.a n.a n.a n.a 96.31
NOM-03_4_ep_02 37.53 23.45 0.02 0.07 b.d 11.70 22.97 0.12 b.d 0.02 0.11 b.d 0.07 b.d n.a n.a n.a n.a n.a 96.06
NOM-03_4_ep_03 37.14 23.00 0.02 0.36 b.d 12.56 21.86 0.03 0.059 0.02 0.50 b.d 0.15 b.d n.a n.a n.a n.a n.a 95.69
NOM-06_1_ep_01 37.37 23.12 0.01 0.02 b.d 12.46 22.95 0.09 b.d 0.01 0.33 b.d 0.07 b.d n.a n.a n.a n.a n.a 96.43
NOM-06_1_ep_02 37.79 24.83 0.02 b.d b.d 10.92 22.44 0.03 b.d 0.01 0.90 b.d 0.21 0.034 n.a n.a n.a n.a n.a 97.19
NOM-06_2_ep_01 37.47 23.50 0.01 b.d b.d 11.79 22.83 0.08 b.d 0.01 0.29 b.d b.d b.d n.a n.a n.a n.a n.a 95.98
NOM-06_2_ep_02 37.54 24.73 0.02 0.01 b.d 10.75 23.11 0.06 b.d 0.02 0.24 b.d b.d b.d n.a n.a n.a n.a n.a 96.47
NOM-06_3_ep_01 37.10 21.95 b.d 0.05 b.d 13.82 22.95 0.04 b.d 0.01 0.10 b.d b.d b.d n.a n.a n.a n.a n.a 96.02
NOM-06_3_ep_02 37.02 21.81 0.02 0.04 b.d 13.85 22.80 0.05 b.d 0.02 0.14 b.d 0.06 b.d n.a n.a n.a n.a n.a 95.80
NOM-05_4_ep_01 37.15 23.00 0.03 0.01 b.d 12.47 22.89 0.09 0.007 0.01 0.11 b.d b.d b.d n.a n.a n.a n.a n.a 95.77
NOM-05_4_ep_02 37.15 22.27 0.03 0.01 b.d 13.18 22.82 0.13 b.d 0.01 0.32 b.d b.d b.d n.a n.a n.a n.a n.a 95.90
NOM-05_1_ep_01 37.06 23.05 0.01 0.12 b.d 12.27 22.59 0.06 b.d 0.02 0.40 b.d 0.15 b.d n.a n.a n.a n.a n.a 95.70
NOM-05_1_ep_02 37.63 24.32 0.02 b.d b.d 10.89 23.08 0.09 0.007 0.02 0.15 b.d b.d b.d n.a n.a n.a n.a n.a 96.22
NOM-05_2_ep_01 37.65 25.06 0.01 0.11 b.d 10.35 22.70 0.07 0.01 0.01 0.72 b.d 0.09 b.d n.a n.a n.a n.a n.a 96.78
NOM-05_2_ep_02 37.50 24.52 0.02 b.d b.d 10.64 22.76 0.08 b.d 0.01 0.75 b.d b.d b.d n.a n.a n.a n.a n.a 96.28
NOM-05_3_ep_01 36.99 21.80 0.01 0.01 b.d 13.80 22.77 0.02 0.008 0.01 0.54 b.d b.d b.d n.a n.a n.a n.a n.a 95.96
NOM-09_1_ep_01_D 37.53 25.92 0.02 b.d b.d 9.10 22.97 b.d b.d 0.01 0.77 b.d 0.07 b.d n.a n.a n.a n.a n.a 96.39
NOM-09_1_ep_01_L 36.99 21.25 0.03 b.d b.d 14.81 22.62 b.d 0.007 0.01 0.42 b.d b.d b.d n.a n.a n.a n.a n.a 96.14
NOM-09_1_ep_02_D 37.87 26.22 0.02 b.d b.d 8.89 22.90 0.02 0.008 0.01 0.88 b.d b.d b.d n.a n.a n.a n.a n.a 96.81
NOM-09_1_ep_02_L 37.12 23.67 0.02 b.d b.d 11.86 21.76 b.d b.d 0.01 1.72 b.d 0.28 b.d n.a n.a n.a n.a n.a 96.44
NOM-09_1_ep_03_D 37.47 23.96 b.d 0.02 b.d 11.65 23.30 0.14 b.d 0.01 0.05 b.d 0.05 b.d n.a n.a n.a n.a n.a 96.64
NOM-09_1_ep_03_L 37.52 23.05 0.02 b.d b.d 12.68 22.58 0.04 0.013 0.01 0.90 b.d 0.06 b.d n.a n.a n.a n.a n.a 96.86
NOM-09_1_ep_04_L 37.75 24.65 0.01 b.d b.d 10.73 22.81 b.d b.d 0.01 0.86 b.d b.d b.d n.a n.a n.a n.a n.a 96.84
NOM-09_1_ep_04_D 37.72 26.31 0.01 b.d b.d 8.94 23.01 0.03 0.008 0.01 0.89 b.d 0.07 b.d n.a n.a n.a n.a n.a 97.01
Epidote	apfu	Data
Spot Name Si Al Na Mg F Fe (3+) Ca Ti K Cl Sr Ni Mn Cr Pt Nb Cu Pd Lu
CC-008_spot2_01 2.99 2.27 b.d b.d b.d 0.75 1.95 b.d b.d b.d 0.030 b.d 0.008 b.d n.a n.a n.a n.a n.a
CC-008_spot2_02 2.87 1.80 b.d b.d b.d 0.61 2.10 0.508 b.d b.d 0.012 b.d 0.008 b.d n.a n.a n.a n.a n.a
CC-008_spot4_01 3.00 2.20 b.d b.d b.d 0.80 1.97 b.d b.d b.d 0.015 b.d 0.011 b.d n.a n.a n.a n.a n.a
CC-008_spot4_04 3.00 2.20 b.d b.d b.d 0.80 1.98 b.d b.d b.d 0.013 b.d 0.009 b.d n.a n.a n.a n.a n.a
CC-010_spot2_03 3.01 2.29 b.d b.d b.d 0.70 2.00 b.d b.d 0.005 b.d b.d b.d b.d n.a n.a n.a n.a n.a
CC-010_spot3_04 3.00 2.17 b.d 0.01 b.d 0.82 1.97 0.008 0.01 0.003 0.007 b.d 0.008 b.d n.a n.a n.a n.a n.a
CC-010_spot3_05 3.02 1.88 b.d b.d b.d 1.09 1.97 b.d b.d 0.004 0.030 b.d b.d b.d n.a n.a n.a n.a n.a
CC-014_spot2_03 3.01 2.17 b.d b.d b.d 0.83 1.96 b.d b.d b.d b.d b.d 0.012 b.d n.a n.a n.a n.a n.a
NOM-005_spot4_05 2.98 1.96 b.d 0.02 b.d 1.04 1.95 0.008 b.d b.d 0.024 b.d 0.023 b.d n.a n.a n.a n.a n.a
NOM-005_spot4_06 3.01 2.30 b.d b.d b.d 0.70 1.97 b.d b.d b.d 0.014 b.d 0.008 b.d n.a n.a n.a n.a n.a
NOM-002_spot1_03 3.00 2.16 b.d b.d b.d 0.83 1.92 0.007 0.005 0.011 0.042 b.d 0.024 b.d n.a n.a n.a n.a n.a
NOM-002_spot1_04 3.00 2.26 b.d b.d b.d 0.74 1.94 b.d b.d b.d 0.033 b.d 0.008 b.d n.a n.a n.a n.a n.a
NOM-002_spot2_03 2.99 2.21 b.d 0.02 b.d 0.79 1.96 0.011 b.d b.d 0.024 b.d b.d b.d n.a n.a n.a n.a n.a
n.a=	not	analyzedb.d=	below	detection	limit
NOM-002_spot2_04 3.00 2.17 b.d 0.03 b.d 0.81 1.96 0.008 b.d b.d 0.020 b.d b.d b.d n.a n.a n.a n.a n.a
NOM-002_spot3_03 2.98 2.28 b.d b.d b.d 0.74 1.98 0.006 b.d b.d 0.016 b.d b.d b.d n.a n.a n.a n.a n.a
NOM-002_spot3_04 2.96 2.35 b.d 0.02 b.d 0.70 1.89 b.d b.d b.d 0.045 b.d 0.041 b.d n.a n.a n.a n.a n.a
NOM-009_spot1_05 3.00 2.30 b.d b.d b.d 0.72 1.92 b.d b.d b.d 0.038 b.d b.d b.d n.a n.a n.a n.a n.a
NOM-009_spot1_06 3.04 2.36 0.0280 b.d b.d 0.62 1.90 b.d b.d 0.002 0.014 b.d 0.008 b.d n.a n.a n.a n.a n.a
NOM-009_spot2_03 2.98 2.26 b.d b.d b.d 0.76 1.99 b.d b.d b.d 0.010 b.d 0.012 b.d n.a n.a n.a n.a n.a
NOM-009_spot2_04 3.00 2.33 b.d b.d b.d 0.68 1.95 b.d b.d b.d 0.012 b.d 0.012 b.d n.a n.a n.a n.a n.a
NOM-003_spot1_07 3.02 2.16 b.d b.d b.d 0.85 1.94 b.d b.d b.d 0.011 b.d 0.004 b.d n.a n.a n.a n.a n.a
NOM-003_spot1_08 3.01 2.26 b.d b.d b.d 0.74 1.95 b.d b.d b.d 0.015 b.d 0.014 b.d n.a n.a n.a n.a n.a
NOM-003_spot3_05 3.00 2.26 b.d b.d b.d 0.74 1.96 b.d b.d b.d 0.025 b.d 0.011 b.d n.a n.a n.a n.a n.a
NOM-003_spot3_06 3.01 2.28 b.d b.d b.d 0.72 1.96 b.d b.d b.d 0.013 b.d 0.016 b.d n.a n.a n.a n.a n.a
NOM-003_spot4_03 3.00 2.33 b.d b.d b.d 0.70 1.91 b.d b.d b.d 0.047 b.d b.d b.d n.a n.a n.a n.a n.a
FH-002_spot1_07 2.99 2.21 b.d b.d b.d 0.81 1.97 b.d b.d b.d 0.007 b.d 0.009 b.d n.a n.a n.a n.a n.a
FH-002_spot1_08 3.00 2.24 b.d b.d b.d 0.76 1.97 b.d b.d b.d 0.008 b.d 0.010 b.d n.a n.a n.a n.a n.a
FH-002_spot3_05 3.00 2.23 b.d b.d b.d 0.78 1.98 b.d b.d b.d 0.008 b.d b.d b.d n.a n.a n.a n.a n.a
FH-002_spot3_06 3.00 2.24 b.d b.d b.d 0.76 1.98 b.d b.d b.d 0.007 b.d 0.012 b.d n.a n.a n.a n.a n.a
FH-002_spot4_05 3.00 2.24 b.d b.d b.d 0.77 1.97 b.d b.d b.d 0.006 b.d 0.011 b.d n.a n.a n.a n.a n.a
FH-002_spot5_05 3.01 2.25 b.d b.d b.d 0.75 1.96 b.d b.d b.d 0.005 b.d 0.014 b.d n.a n.a n.a n.a n.a
FH-002_spot5_06 3.02 2.27 b.d b.d b.d 0.75 1.92 0.013 b.d b.d b.d b.d b.d b.d n.a n.a n.a n.a n.a
FH-003_spot1_03 3.00 2.35 b.d b.d b.d 0.68 1.97 b.d b.d b.d b.d b.d b.d b.d n.a n.a n.a n.a n.a
FH-003_spot3_03 2.99 2.35 b.d b.d b.d 0.66 1.98 b.d b.d b.d 0.018 b.d b.d b.d n.a n.a n.a n.a n.a
FH-003_spot3_04 3.00 2.39 b.d b.d b.d 0.65 1.93 b.d b.d b.d 0.019 b.d b.d b.d n.a n.a n.a n.a n.a
FH-003_spot4_05 2.99 2.26 b.d b.d b.d 0.76 1.95 b.d b.d b.d 0.012 b.d 0.022 b.d n.a n.a n.a n.a n.a
FH-003_spot4_06 3.01 2.40 b.d b.d b.d 0.62 1.95 b.d b.d b.d 0.006 b.d 0.008 b.d n.a n.a n.a n.a n.a
FH-010_spot1_05 3.00 2.37 b.d b.d b.d 0.64 1.95 b.d b.d b.d 0.007 b.d 0.013 0.00375 n.a n.a n.a n.a n.a
FH-010_spot5_06 2.99 2.27 b.d b.d b.d 0.75 1.97 b.d b.d b.d 0.007 b.d 0.012 b.d n.a n.a n.a n.a n.a
CC-005_1_ep_01 2.99 2.27 b.d 0.004 0.02 0.72 1.98 0.0007 0.0003 0.0004 0.02 b.d n.a n.a b.d b.d b.d 0.0004 b.d
CC-005_1_ep_02 2.98 2.24 b.d 0.034 b.d 0.77 1.93 0.0021 0.0008 0.0014 0.05 b.d n.a n.a b.d b.d b.d b.d b.d
CC-005_1_ep_03 2.99 2.05 0.002 0.006 b.d 0.97 1.95 0.0004 b.d 0.0004 0.03 b.d n.a n.a b.d b.d b.d b.d b.d
CC-005_1_ep_04 2.98 2.19 0.003 0.040 b.d 0.83 1.94 0.0034 0.0008 0.0008 0.03 b.d n.a n.a b.d b.d 0.004 b.d b.d
CC-005_1_ep_05 2.99 2.19 b.d 0.008 b.d 0.80 1.97 0.0054 b.d 0.0005 0.04 b.d n.a n.a b.d b.d b.d 0.0004 0.002
CC-005_2_ep_01 2.98 2.17 b.d 0.043 b.d 0.83 1.94 0.0009 0.0004 0.0003 0.04 b.d n.a n.a b.d b.d 0.003 0.0001 0.003
CC-005_2_ep_02 3.00 2.18 b.d 0.008 b.d 0.81 1.98 0.0019 0.0007 0.0008 0.01 b.d n.a n.a 0.0005 b.d b.d 0.0003 b.d
CC-005_2_ep_03 3.00 2.12 0.001 0.002 b.d 0.87 1.97 0.0022 0.0007 0.0005 0.03 0.0029 n.a n.a b.d b.d b.d b.d b.d
CC-005_2_ep_04 2.98 2.44 b.d 0.000 b.d 0.60 1.91 0.0022 b.d 0.0003 0.07 b.d n.a n.a b.d b.d 0.003 b.d b.d
CC-005_2_ep_05 2.98 2.33 b.d 0.002 b.d 0.71 1.93 0.0015 b.d 0.0003 0.04 b.d n.a n.a b.d b.d b.d 0.0002 b.d
CC-005_2_ep_06 3.00 2.13 0.002 0.048 b.d 0.86 1.91 0.0038 0.0087 b.d 0.04 b.d n.a n.a b.d b.d b.d 0.0003 b.d
CC-005_2_ep_07 2.97 2.53 b.d 0.005 b.d 0.49 1.97 0.0043 b.d b.d 0.05 b.d n.a n.a b.d b.d b.d b.d b.d
CC-005_3_ep_01 3.09 2.16 0.003 0.016 0.02 0.84 1.72 0.0180 0.0004 0.0036 0.01 b.d n.a n.a b.d b.d 0.004 b.d b.d
CC-005_3_ep_02 3.01 2.09 b.d b.d b.d 0.91 1.95 0.0008 0.0004 b.d 0.03 b.d n.a n.a b.d b.d b.d 0.0005 b.d
CC-005_3_ep_03 2.99 2.46 b.d b.d b.d 0.57 1.87 0.0024 b.d 0.0004 0.11 b.d n.a n.a 0.0005 b.d b.d 0.0001 b.d
CC-005_3_ep_04 2.98 2.25 0.002 0.033 b.d 0.76 1.92 0.0051 0.0007 0.0021 0.06 b.d n.a n.a b.d b.d 0.003 b.d b.d
CC-005_4_ep_01 2.98 2.17 b.d 0.078 b.d 0.83 1.88 0.0154 0.0003 0.0006 0.05 b.d n.a n.a 0.0002 b.d b.d b.d b.d
CC-005_4_ep_02 2.98 2.41 0.002 0.002 b.d 0.62 1.97 0.0010 0.0003 0.0020 0.02 b.d n.a n.a 0.0005 b.d b.d b.d b.d
CC-005_4_ep_03 2.98 2.17 0.002 0.005 b.d 0.82 1.95 0.0071 b.d 0.0011 0.08 b.d n.a n.a 0.0003 b.d 0.003 b.d b.d
CC-005_4_ep_04 2.98 2.31 0.001 0.012 b.d 0.71 1.90 0.0051 0.0015 0.0003 0.08 b.d n.a n.a 0.0008 b.d 0.003 b.d 0.002
CC-013_1_ep_01 2.97 2.42 0.001 0.002 0.04 0.61 1.90 0.0012 b.d 0.0010 0.06 b.d n.a n.a b.d b.d b.d b.d b.d
CC-013_1_ep_02 2.97 1.97 b.d 0.003 b.d 0.99 1.93 b.d b.d 0.0007 0.03 b.d n.a n.a 0.0003 b.d 0.003 b.d b.d
CC-013_1_ep_03 2.95 1.96 b.d b.d b.d 1.02 1.91 0.0005 b.d 0.0003 0.03 b.d n.a n.a 0.0004 b.d 0.002 b.d b.d
CC-013_1_ep_04 2.96 2.05 0.001 0.004 b.d 0.91 1.92 0.0045 b.d 0.0005 0.05 b.d n.a n.a b.d b.d 0.004 b.d b.d
CC-010_1_ep_01 3.00 2.20 b.d b.d b.d 0.807 1.969 0.001 b.d b.d 0.011 b.d n.a n.a 0.0003 b.d b.d b.d b.d
CC-010_1_ep_02 3.45 2.14 0.001 0.002 b.d 0.615 1.824 b.d b.d 0.0005 0.007 b.d n.a n.a b.d b.d b.d 0.0001 b.d
CC-010_1_ep_03 3.06 2.57 b.d 0.005 b.d 0.508 2.010 0.001 0.0003 0.0011 0.009 b.d n.a n.a b.d b.d 0.0028 b.d b.d
CC-010_1_ep_04 3.12 2.36 0.001 0.002 b.d 0.553 1.853 b.d 0.0817 0.0005 0.004 b.d n.a n.a 0.0006 b.d b.d 0.0005 b.d
CC-010_2_ep_01 3.00 2.38 0.002 0.007 b.d 0.619 1.999 0.001 0.0002 0.0009 b.d 0.003 n.a n.a 0.0004 b.d b.d 0.0003 b.d
CC-010_2_ep_02 3.00 2.49 b.d 0.015 b.d 0.497 1.993 0.001 0.0001 0.0008 0.006 b.d n.a n.a b.d b.d b.d 0.0006 b.d
CC-010_2_ep_03 2.98 2.47 0.002 0.002 b.d 0.550 1.981 0.002 0.0007 0.0087 0.003 b.d n.a n.a b.d 0.0009 b.d 0.0003 b.d
CC-010_2_ep_04 3.32 1.97 b.d 0.002 b.d 0.737 1.783 0.002 0.0005 b.d 0.008 b.d n.a n.a 0.0005 b.d b.d 0.0004 b.d
CC-010_2_ep_05 3.01 2.17 b.d 0.002 b.d 0.824 1.976 0.003 b.d 0.0004 0.015 b.d n.a n.a b.d b.d 0.0035 b.d b.d
CC-010_3_ep_01 3.00 2.23 b.d 0.001 b.d 0.773 1.982 0.002 b.d 0.0005 0.006 b.d n.a n.a 0.0005 b.d b.d 0.0005 b.d
CC-010_3_ep_02 3.11 2.15 0.004 0.014 b.d 0.759 1.888 0.002 0.0004 0.0005 0.005 b.d n.a n.a b.d b.d b.d 0.0001 b.d
CC-010_3_ep_03 3.00 2.18 0.002 0.002 b.d 0.824 1.982 0.001 b.d b.d 0.007 b.d n.a n.a b.d b.d b.d b.d b.d
CC-010_3_ep_04 3.25 1.96 b.d 0.002 b.d 0.703 1.989 0.002 0.0001 b.d 0.005 b.d n.a n.a 0.0003 b.d b.d 0.0004 b.d
CC-010_3_ep_05 3.47 1.89 0.004 0.004 b.d 1.013 1.696 0.002 0.0003 b.d 0.003 b.d n.a n.a b.d b.d b.d b.d b.d
CC-004a_1_ep_01 3.00 2.15 0.003 0.002 b.d 0.84 1.99 0.002 0.0008 0.0016 0.012 b.d n.a n.a b.d b.d b.d b.d b.d
CC-004a_1_ep_02 3.00 2.53 0.001 0.007 b.d 0.46 1.99 0.006 0.0009 0.0005 0.004 b.d n.a n.a 0.0001 b.d b.d 0.0001 b.d
CC-004a_1_ep_03 3.00 2.70 0.002 0.013 b.d 0.29 1.98 0.009 b.d 0.0004 0.004 b.d n.a n.a b.d b.d b.d 3.8E-05 b.d
CC-004a_1_ep_04 3.00 2.30 0.003 0.003 b.d 0.69 1.98 0.007 b.d 0.0011 0.005 b.d n.a n.a 0.0004 b.d b.d b.d 0.003
CC-004a_1_ep_05 2.99 2.16 0.002 0.003 b.d 0.85 1.99 0.002 0.0004 b.d 0.011 b.d n.a n.a b.d b.d b.d b.d b.d
CC-004a_2_ep_01 3.00 2.12 0.003 0.004 b.d 0.88 1.97 0.002 0.0006 0.0007 0.014 b.d n.a n.a b.d b.d b.d b.d b.d
CC-004a_2_ep_02 3.00 2.37 0.002 0.010 b.d 0.62 1.97 0.006 b.d 0.0100 0.009 b.d n.a n.a 0.0009 b.d b.d b.d b.d
CC-004a_2_ep_03 2.99 2.17 0.003 b.d b.d 0.84 1.94 0.003 0.0006 0.0005 0.041 b.d n.a n.a 0.0007 b.d b.d b.d b.d
CC-004a_2_ep_04 3.00 2.20 b.d 0.002 b.d 0.80 1.98 0.002 0.0001 0.0004 0.011 b.d n.a n.a 2.28E-05 b.d b.d 0.0003 b.d
CC-004a_3_ep_01 3.09 2.39 b.d 0.003 b.d 0.61 1.96 0.007 0.0003 b.d 0.005 b.d n.a n.a 0.0003 b.d b.d b.d b.d
CC-004a_3_ep_02 3.21 2.37 0.002 0.003 b.d 0.43 1.85 0.006 0.0015 0.0062 0.006 b.d n.a n.a 6.63E-05 b.d 0.002 b.d b.d
CC-004a_3_ep_03 3.58 2.02 0.003 0.016 b.d 0.45 1.61 0.005 0.0043 0.0003 0.007 b.d n.a n.a b.d b.d b.d 0.0001 b.d
CC-004a_3_ep_04 2.99 2.34 b.d 0.004 b.d 0.67 1.98 0.005 0.0001 b.d 0.017 b.d n.a n.a b.d b.d b.d 0.0002 b.d
CC-004a_4_ep_01 3.13 2.32 b.d 0.012 b.d 0.56 1.89 0.002 0.0002 b.d 0.005 0.0024 n.a n.a b.d b.d b.d 0.0003 b.d
CC-004a_4_ep_02 3.00 2.28 b.d 0.017 b.d 0.72 1.97 0.002 b.d b.d 0.017 b.d n.a n.a b.d 0.001 b.d 0.0002 0.003
CC-004a_4_ep_03 2.99 2.34 b.d 0.004 0.03 0.66 1.96 0.007 0.0001 0.0004 0.008 b.d n.a n.a 0.0002 b.d b.d b.d 0.002
CC-004a_4_ep_04 3.01 2.65 b.d 0.015 b.d 0.34 1.98 0.010 0.0006 0.0019 0.002 b.d n.a n.a 0.0001 b.d b.d b.d b.d
CC-004a_4_ep_05 3.01 2.15 0.014 0.156 b.d 0.82 1.83 0.004 0.0011 0.0010 0.029 b.d n.a n.a b.d b.d b.d b.d b.d
CC-004a_4_ep_06 3.00 1.96 b.d b.d b.d 1.03 1.97 0.001 b.d 0.0004 0.030 b.d n.a n.a 0.000302 b.d b.d 0.0005 0.002
FH-02_5_ep_01 3.00 2.36 b.d 0.002 b.d 0.67 1.93 0.003 b.d 0.0007 0.010 b.d 0.011 b.d n.a n.a n.a n.a n.a
FH-02_5_ep_02 3.00 2.37 0.004 0.002 b.d 0.66 1.94 0.002 0.0006 0.0008 0.006 b.d 0.008 b.d n.a n.a n.a n.a n.a
FH-02_5_ep_03_L 2.98 2.31 0.002 0.001 b.d 0.73 1.94 0.003 0.0007 b.d 0.010 b.d 0.011 0.001 n.a n.a n.a n.a n.a
FH-02_5_ep_03_D 2.98 2.42 b.d 0.002 b.d 0.62 1.95 0.007 b.d 0.0009 0.004 b.d 0.008 b.d n.a n.a n.a n.a n.a
FH-02_2_ep_01 2.99 2.38 0.002 0.002 b.d 0.64 1.95 0.009 b.d b.d 0.003 b.d 0.010 b.d n.a n.a n.a n.a n.a
FH-02_2_ep_02 3.00 2.35 0.002 0.002 b.d 0.65 1.95 0.011 0.0007 0.0011 0.004 b.d 0.011 b.d n.a n.a n.a n.a n.a
FH-02_3_ep_01 2.98 2.39 0.002 b.d b.d 0.65 1.94 0.005 b.d 0.0007 0.009 b.d 0.012 0.001 n.a n.a n.a n.a n.a
FH-02_3_ep_02 2.98 2.38 b.d 0.002 b.d 0.64 1.96 0.010 b.d b.d 0.006 b.d 0.012 0.002 n.a n.a n.a n.a n.a
FH-02_4_ep_01 2.98 2.37 b.d 0.003 b.d 0.65 1.96 0.009 b.d 0.0011 0.002 b.d 0.010 b.d n.a n.a n.a n.a n.a
FH-02_4_ep_02 3.00 2.36 0.002 0.002 b.d 0.65 1.95 0.004 b.d 0.0027 0.007 b.d 0.011 b.d n.a n.a n.a n.a n.a
FH-02_6_ep_01 2.98 2.41 0.002 b.d b.d 0.62 1.96 0.008 b.d 0.0008 0.004 b.d 0.009 b.d n.a n.a n.a n.a n.a
FH-02_6_ep_02 2.99 2.37 b.d 0.004 b.d 0.65 1.96 0.001 b.d 0.0007 0.007 b.d 0.009 b.d n.a n.a n.a n.a n.a
FH-04A_1_ep_01 2.98 2.55 0.002 0.005 b.d 0.49 1.91 0.003 0.0007 0.0065 0.032 b.d 0.019 b.d n.a n.a n.a n.a n.a
FH-04A_2_ep_01 2.99 2.40 0.004 0.002 b.d 0.64 1.94 b.d b.d b.d 0.016 b.d 0.007 b.d n.a n.a n.a n.a n.a
FH-04A_2_ep_02 2.98 2.41 b.d b.d b.d 0.61 1.96 0.001 b.d 0.0007 0.018 b.d 0.006 0.007 n.a n.a n.a n.a n.a
FH-04A_2_ep_03 2.99 2.45 0.002 b.d b.d 0.56 1.94 0.002 b.d 0.0012 0.026 b.d 0.005 0.015 n.a n.a n.a n.a n.a
FH-04A_3_ep_01 2.99 2.36 b.d 0.001 b.d 0.67 1.94 0.002 b.d b.d 0.016 b.d 0.009 0.004 n.a n.a n.a n.a n.a
FH-04A_3_ep_02 2.98 2.41 b.d 0.002 b.d 0.63 1.96 0.005 b.d 0.0008 0.005 b.d 0.010 b.d n.a n.a n.a n.a n.a
FH-04A_3_ep_03 2.97 2.67 b.d 0.002 b.d 0.39 1.90 0.001 b.d 0.0011 0.061 b.d 0.004 b.d n.a n.a n.a n.a n.a
FH-04A_3_ep_04 2.99 2.39 b.d 0.002 b.d 0.63 1.95 0.005 0.0015 0.0009 0.011 b.d 0.009 0.007 n.a n.a n.a n.a n.a
FH-04A_4_ep_01 2.99 2.58 0.005 0.002 b.d 0.45 1.92 0.001 b.d 0.0013 0.054 b.d 0.003 b.d n.a n.a n.a n.a n.a
FH-04A_4_ep_02 2.98 2.34 0.002 0.001 b.d 0.69 1.95 0.001 b.d 0.0011 0.019 b.d 0.010 b.d n.a n.a n.a n.a n.a
FH-04A_4_ep_03 2.99 2.32 b.d b.d b.d 0.70 1.95 0.001 0.0007 0.0009 0.018 b.d 0.008 b.d n.a n.a n.a n.a n.a
FH-04A_5_ep_01 2.97 2.57 b.d b.d b.d 0.47 1.98 0.002 0.0009 0.0013 0.004 b.d 0.003 b.d n.a n.a n.a n.a n.a
FH-04A_5_ep_02 2.98 2.62 b.d 0.001 b.d 0.42 1.93 b.d 0.0009 0.0008 0.044 b.d 0.004 0.001 n.a n.a n.a n.a n.a
FH-08_1_ep_01 2.99 2.27 b.d 0.001 b.d 0.76 1.97 0.003 b.d 0.0008 0.005 b.d 0.011 b.d n.a n.a n.a n.a n.a
FH-08_1_ep_02 2.99 2.28 b.d 0.002 b.d 0.74 1.96 0.003 b.d b.d 0.008 b.d 0.005 b.d n.a n.a n.a n.a n.a
FH-08_2_ep_01 2.98 2.36 0.002 0.001 b.d 0.66 1.96 0.003 b.d 0.0011 0.016 b.d 0.013 0.002 n.a n.a n.a n.a n.a
FH-08_3_ep_01 2.98 2.28 b.d b.d b.d 0.75 1.97 0.003 b.d 0.0008 0.006 b.d 0.011 b.d n.a n.a n.a n.a n.a
FH-08_3_ep_02 2.98 2.27 b.d 0.003 b.d 0.75 1.97 0.004 b.d 0.0009 0.006 b.d 0.008 b.d n.a n.a n.a n.a n.a
FH-10_1_ep_01_L 3.00 2.20 0.003 b.d b.d 0.80 1.96 0.001 0.0013 0.0012 0.014 b.d 0.008 b.d n.a n.a n.a n.a n.a
FH-10_1_ep_01_D 2.98 2.41 0.003 0.002 b.d 0.61 1.97 0.011 b.d b.d b.d b.d 0.009 b.d n.a n.a n.a n.a n.a
FH-10_2_ep_01_L 2.98 2.25 b.d b.d b.d 0.77 1.98 0.001 b.d 0.0008 0.005 0.004 0.006 b.d n.a n.a n.a n.a n.a
FH-10_2_ep_01_D 2.98 2.44 0.002 b.d b.d 0.59 1.96 0.002 b.d 0.0009 0.012 b.d 0.010 b.d n.a n.a n.a n.a n.a
FH-10_3_ep_01_D 2.99 2.54 0.002 b.d b.d 0.48 1.95 0.003 b.d b.d 0.009 b.d 0.013 0.002 n.a n.a n.a n.a n.a
FH-10_3_ep_01_L 2.98 2.29 b.d 0.003 b.d 0.75 1.92 0.001 b.d 0.0008 0.011 b.d 0.034 b.d n.a n.a n.a n.a n.a
FH-10_4_ep_01_L 3.00 2.21 0.004 b.d b.d 0.80 1.96 b.d 0.0008 0.0019 0.018 b.d 0.003 b.d n.a n.a n.a n.a n.a
FH-10_4_ep_01_D 2.98 2.29 0.0003 b.d b.d 0.73 1.99 0.002 b.d b.d 0.002 b.d 0.006 b.d n.a n.a n.a n.a n.a
NOM-03_1_ep_01 2.98 2.33 0.004 0.002 b.d 0.71 1.94 0.005 b.d 0.002 0.018 b.d 0.004 b.d n.a n.a n.a n.a n.a
NOM-03_1_ep_02 2.99 2.30 0.002 0.001 b.d 0.73 1.93 0.004 b.d 0.001 0.028 b.d 0.003 b.d n.a n.a n.a n.a n.a
NOM-03_1_ep_03 2.98 2.38 0.003 0.001 b.d 0.66 1.94 0.005 b.d 0.002 0.017 b.d 0.005 b.d n.a n.a n.a n.a n.a
NOM-03_1_ep_04 2.97 2.31 0.002 0.002 b.d 0.76 1.89 0.001 b.d 0.002 0.037 b.d 0.029 b.d n.a n.a n.a n.a n.a
NOM-03_3_ep_01 3.01 2.24 0.004 0.025 b.d 0.77 1.91 0.004 0.004 0.007 0.018 b.d 0.007 0.002 n.a n.a n.a n.a n.a
NOM-03_3_ep_02 2.99 2.30 0.002 0.009 b.d 0.73 1.91 0.003 0.001 0.006 0.030 b.d 0.007 b.d n.a n.a n.a n.a n.a
NOM-03_3_ep_03 3.00 2.30 0.002 0.002 b.d 0.72 1.93 0.008 b.d 0.001 0.012 b.d b.d b.d n.a n.a n.a n.a n.a
NOM-03_2_ep_01 3.00 2.15 0.004 0.001 b.d 0.87 1.94 0.003 0.001 0.001 0.023 b.d b.d b.d n.a n.a n.a n.a n.a
NOM-03_2_ep_02 2.99 2.43 0.003 b.d b.d 0.62 1.87 0.002 b.d 0.002 0.073 b.d 0.004 b.d n.a n.a n.a n.a n.a
NOM-03_5_ep_01 3.02 2.19 0.004 0.041 b.d 0.78 1.92 0.009 0.001 0.002 0.009 b.d 0.005 b.d n.a n.a n.a n.a n.a
NOM-03_5_ep_02 3.01 2.11 0.010 0.041 b.d 0.90 1.88 0.003 0.002 0.002 0.022 b.d 0.012 b.d n.a n.a n.a n.a n.a
NOM-03_5_ep_03 2.99 2.15 0.003 0.018 b.d 0.82 1.94 0.038 0.002 0.002 0.017 b.d 0.006 b.d n.a n.a n.a n.a n.a
NOM-03_4_ep_01 2.99 2.36 0.003 b.d b.d 0.67 1.91 0.002 0.001 0.001 0.030 b.d 0.010 b.d n.a n.a n.a n.a n.a
NOM-03_4_ep_02 3.00 2.21 0.003 0.008 b.d 0.78 1.97 0.007 b.d 0.002 0.005 b.d 0.005 b.d n.a n.a n.a n.a n.a
NOM-03_4_ep_03 2.99 2.18 0.004 0.043 b.d 0.85 1.89 0.002 0.006 0.003 0.023 b.d 0.010 b.d n.a n.a n.a n.a n.a
NOM-06_1_ep_01 2.99 2.18 0.002 0.002 b.d 0.83 1.97 0.006 b.d 0.002 0.015 b.d 0.005 b.d n.a n.a n.a n.a n.a
NOM-06_1_ep_02 3.17 2.46 0.004 b.d b.d 0.26 2.02 0.002 b.d 0.002 0.044 b.d 0.015 0.002 n.a n.a n.a n.a n.a
NOM-06_2_ep_01 3.20 2.37 0.002 b.d b.d 0.28 2.09 0.005 b.d 0.002 0.014 b.d b.d b.d n.a n.a n.a n.a n.a
NOM-06_2_ep_02 2.98 2.32 0.003 0.001 b.d 0.71 1.97 0.003 b.d 0.002 0.011 b.d b.d b.d n.a n.a n.a n.a n.a
NOM-06_3_ep_01 2.99 2.08 b.d 0.006 b.d 0.93 1.98 0.002 b.d 0.001 0.005 b.d b.d b.d n.a n.a n.a n.a n.a
NOM-06_3_ep_02 2.99 2.08 0.004 0.005 b.d 0.94 1.97 0.003 b.d 0.002 0.007 b.d 0.004 b.d n.a n.a n.a n.a n.a
NOM-05_4_ep_01 2.99 2.18 0.004 0.001 b.d 0.84 1.97 0.006 0.001 0.002 0.005 b.d b.d b.d n.a n.a n.a n.a n.a
NOM-05_4_ep_02 3.00 2.12 0.004 0.001 b.d 0.89 1.97 0.008 b.d 0.001 0.015 b.d b.d b.d n.a n.a n.a n.a n.a
NOM-05_1_ep_01 2.99 2.19 0.002 0.014 b.d 0.83 1.95 0.003 b.d 0.002 0.019 b.d 0.010 b.d n.a n.a n.a n.a n.a
NOM-05_1_ep_02 3.00 2.28 0.004 b.d b.d 0.73 1.97 0.005 0.001 0.003 0.007 b.d b.d b.d n.a n.a n.a n.a n.a
NOM-05_2_ep_01 2.98 2.34 0.002 0.013 b.d 0.69 1.93 0.004 0.001 0.002 0.033 b.d 0.006 b.d n.a n.a n.a n.a n.a
NOM-05_2_ep_02 2.99 2.31 0.003 b.d b.d 0.71 1.95 0.005 b.d 0.001 0.035 b.d b.d b.d n.a n.a n.a n.a n.a
NOM-05_3_ep_01 2.99 2.08 0.002 0.001 b.d 0.93 1.97 0.001 0.001 0.002 0.025 b.d b.d b.d n.a n.a n.a n.a n.a
NOM-09_1_ep_01_D 2.98 2.43 0.003 b.d b.d 0.60 1.95 b.d b.d 0.001 0.036 b.d 0.005 b.d n.a n.a n.a n.a n.a
NOM-09_1_ep_01_L 2.99 2.02 0.004 b.d b.d 1.00 1.96 b.d 0.001 0.002 0.020 b.d b.d b.d n.a n.a n.a n.a n.a
NOM-09_1_ep_02_D 2.99 2.44 0.002 b.d b.d 0.59 1.94 0.001 0.001 0.001 0.040 b.d b.d b.d n.a n.a n.a n.a n.a
NOM-09_1_ep_02_L 2.98 2.24 0.003 0.000 b.d 0.80 1.87 b.d b.d 0.002 0.080 b.d 0.019 b.d n.a n.a n.a n.a n.a
NOM-09_1_ep_03_D 2.98 2.25 b.d 0.002 b.d 0.77 1.99 0.008 b.d 0.001 0.002 b.d 0.004 b.d n.a n.a n.a n.a n.a
NOM-09_1_ep_03_L 3.00 2.17 0.003 b.d b.d 0.85 1.93 0.002 0.001 0.002 0.042 b.d 0.004 b.d n.a n.a n.a n.a n.a
NOM-09_1_ep_04_L 3.00 2.31 0.002 b.d b.d 0.71 1.94 b.d b.d 0.002 0.040 b.d b.d b.d n.a n.a n.a n.a n.a
NOM-09_1_ep_04_D 2.98 2.45 0.002 b.d b.d 0.59 1.94 0.002 0.001 0.002 0.041 b.d 0.005 b.d n.a n.a n.a n.a n.a
Spot	Name
SiO2	
(Mass%)
Al2O3	
(Mass%)
Na2O	
(Mass%)
MgO	
(Mass%)
F	
(Mass%)
FeO	
(Mass%)
CaO	
(Mass%)
TiO2	
(Mass%)
K2O	
(Mass%)
Cl	
(Mass%)
SrO	
(Mass%)
NiO	
(Mass%)
MnO	
(Mass%)
Cr2O3	
(Mass%) Total
CC-008_spot2_03 26.05 19.01 b.d 15.33 b.d 24.53 b.d b.d b.d 0.03 b.d 0.10 0.34 b.d 85.40
CC-008_spot2_04 26.29 18.40 b.d 15.81 b.d 24.19 b.d b.d b.d 0.02 b.d 0.09 0.36 b.d 85.33
CC-008_spot2_05 27.28 20.18 b.d 15.93 b.d 24.05 0.07 b.d 0.07 0.03 b.d 0.18 0.27 b.d 88.10
CC-008_spot4_02 26.13 19.89 b.d 15.29 b.d 24.33 b.d b.d 0.02 0.02 b.d 0.18 0.34 b.d 86.18
CC-008_spot4_05 25.68 19.53 b.d 13.92 b.d 25.88 0.07 b.d b.d 0.02 b.d 0.18 0.34 b.d 85.60
CC-013_spot1_05 27.43 18.09 b.d 17.63 b.d 21.73 0.12 b.d b.d b.d b.d b.d 0.27 b.d 85.40
CC-013_spot1_06 28.51 16.76 b.d 19.14 b.d 21.03 0.07 b.d b.d b.d b.d 0.07 0.25 b.d 85.93
CC-013_spot2a_03 25.97 17.63 b.d 16.00 b.d 21.39 0.12 b.d 0.08 0.02 b.d b.d 0.31 b.d 81.76
CC-013_spot2b_03 27.08 18.01 b.d 16.63 b.d 21.08 0.30 b.d 0.16 b.d b.d b.d 0.27 b.d 83.76
CC-013_spot3_03 27.28 17.87 0.003 17.31 b.d 21.73 0.10 b.d b.d b.d b.d b.d 0.29 0.26 85.06
CC-013_spot4_03 25.75 20.07 b.d 16.27 b.d 23.04 b.d b.d b.d b.d b.d b.d 0.34 b.d 85.64
CC-013_spot5_03 26.32 18.79 b.d 17.02 b.d 22.60 0.06 b.d b.d b.d b.d b.d 0.30 b.d 85.20
CC-010_spot1_02 27.26 17.58 b.d 16.43 b.d 23.29 0.13 b.d b.d b.d b.d b.d 0.33 b.d 85.12
CC-010_spot1_03 25.99 19.26 b.d 15.33 b.d 25.01 0.03 b.d 0.01 b.d b.d b.d 0.41 b.d 86.14
CC-010_spot2_02 26.07 19.05 b.d 15.82 b.d 24.09 0.09 b.d b.d 0.02 b.d b.d 0.63 b.d 85.74
CC-010_spot3_03 25.94 19.23 b.d 15.28 b.d 24.26 0.08 b.d 0.08 0.02 b.d b.d 0.33 b.d 85.21
CC-010_spot4_03 26.55 18.68 b.d 16.09 b.d 24.60 b.d b.d b.d 0.02 b.d b.d 0.36 b.d 86.35
NOM-005_spot1_01 26.09 20.95 b.d 16.24 b.d 23.51 b.d b.d b.d 0.02 b.d b.d 0.41 b.d 87.52
NOM-005_spot1_02 25.91 20.33 b.d 16.52 b.d 23.35 b.d b.d b.d 0.02 b.d b.d 0.43 b.d 86.78
NOM-005_spot1_03 25.15 20.58 b.d 15.77 b.d 22.28 0.07 b.d b.d 0.05 b.d b.d 0.36 b.d 84.49
NOM-005_spot1_04 25.25 19.87 b.d 15.83 b.d 22.88 0.07 0.14 b.d 0.04 b.d b.d 0.43 b.d 84.54
NOM-005_spot2_01 26.62 19.34 b.d 16.84 b.d 22.68 b.d b.d b.d 0.03 b.d b.d 0.35 b.d 86.01
NOM-005_spot2_02 26.13 20.01 b.d 16.66 b.d 23.37 b.d b.d b.d b.d b.d b.d 0.41 b.d 86.68
NOM-005_spot2_03 26.78 18.21 b.d 17.61 b.d 21.31 b.d b.d b.d 0.03 b.d b.d 0.37 b.d 84.71
NOM-005_spot2_04 26.57 17.98 b.d 17.15 b.d 21.46 b.d b.d b.d 0.03 b.d b.d 0.36 b.d 83.79
NOM-005_spot3_01 25.75 19.87 b.d 16.29 b.d 23.35 b.d b.d b.d 0.03 b.d b.d 0.41 b.d 85.84
NOM-005_spot3_02 25.83 20.30 b.d 15.99 b.d 23.71 b.d b.d 0.03 0.02 b.d b.d 0.43 b.d 86.41
NOM-005_spot3_03 25.77 20.49 b.d 16.51 b.d 22.12 b.d b.d b.d 0.04 b.d b.d 0.40 b.d 85.44
NOM-005_spot3_04 25.48 20.00 b.d 16.05 b.d 22.64 b.d b.d b.d 0.04 b.d b.d 0.41 b.d 84.72
NOM-005_spot4_01 25.53 20.60 b.d 16.11 b.d 23.31 b.d b.d b.d 0.01 b.d b.d 0.36 b.d 86.11
NOM-005_spot4_02 25.96 20.00 b.d 16.51 b.d 22.94 b.d b.d b.d b.d b.d b.d 0.43 b.d 86.08
NOM-005_spot4_03 25.21 19.81 b.d 15.90 b.d 22.44 b.d b.d b.d 0.02 b.d b.d 0.42 b.d 84.01
NOM-005_spot4_04 26.12 19.53 b.d 16.90 b.d 21.84 b.d b.d b.d 0.02 b.d b.d 0.38 b.d 84.99
NOM-002_spot1_01 25.71 20.39 b.d 16.48 b.d 23.19 b.d b.d b.d 0.02 b.d b.d 0.40 b.d 86.21
NOM-002_spot1_02 26.12 20.66 b.d 16.72 b.d 23.20 b.d b.d b.d 0.02 b.d b.d 0.42 b.d 87.22
NOM-002_spot2_01 25.39 20.27 b.d 16.37 b.d 23.02 b.d b.d b.d 0.02 b.d b.d 0.41 b.d 85.67
NOM-002_spot2_02 26.35 20.20 b.d 16.56 b.d 23.02 b.d b.d b.d 0.03 b.d b.d 0.40 b.d 86.72
NOM-002_spot3_01 26.33 20.33 b.d 17.07 b.d 22.45 b.d b.d b.d b.d b.d b.d 0.39 b.d 86.63
NOM-002_spot3_02 25.60 20.07 b.d 16.32 b.d 23.25 b.d b.d b.d 0.02 b.d b.d 0.41 b.d 85.79
NOM-009_spot1_01 23.82 19.63 b.d 7.35 b.d 35.77 b.d b.d b.d b.d b.d b.d 0.62 b.d 87.20
NOM-009_spot1_02 23.91 19.58 b.d 7.88 b.d 34.33 b.d b.d b.d 0.02 b.d b.d 0.56 b.d 86.21
NOM-009_spot1_03 23.86 18.77 b.d 7.78 b.d 33.92 b.d b.d b.d 0.03 b.d b.d 0.58 b.d 84.93
NOM-009_spot1_04 23.83 19.68 b.d 7.31 b.d 34.46 b.d b.d b.d 0.02 b.d b.d 0.60 b.d 85.86
NOM-009_spot2_01 23.73 19.37 b.d 7.53 b.d 35.15 b.d b.d b.d b.d b.d b.d 0.62 b.d 86.39
NOM-009_spot2_02 23.94 19.12 b.d 7.99 b.d 34.70 b.d b.d b.d b.d b.d b.d 0.57 b.d 86.33
NOM-009_spot3_05 24.26 18.88 b.d 8.29 b.d 34.24 b.d b.d b.d 0.02 b.d b.d 0.66 b.d 86.46
NOM-009_spot3_06 24.08 19.25 b.d 8.02 b.d 34.46 b.d b.d b.d 0.02 b.d b.d 0.64 b.d 86.57
NOM-009_spot4_01 23.60 19.28 b.d 7.40 b.d 33.94 b.d b.d b.d 0.03 b.d b.d 0.63 b.d 84.84
NOM-009_spot4_02 24.17 18.96 b.d 7.97 b.d 35.37 b.d b.d b.d 0.02 b.d b.d 0.66 b.d 87.17
NOM-009_spot4_03 23.48 20.01 b.d 7.01 b.d 36.04 b.d b.d b.d 0.04 b.d b.d 0.68 b.d 87.30
NOM-003_spot1_04 25.09 20.70 b.d 15.84 b.d 23.55 b.d b.d b.d b.d b.d b.d 0.43 b.d 85.79
NOM-003_spot1_05 27.13 19.01 b.d 15.88 b.d 23.02 0.07 0.15 0.56 0.02 b.d b.d 0.47 b.d 86.35
NOM-003_spot1_06 25.63 20.54 b.d 16.02 b.d 23.68 b.d b.d b.d 0.02 b.d b.d 0.41 b.d 86.44
NOM-003_spot2_01 25.60 20.66 b.d 16.09 b.d 23.79 b.d b.d b.d 0.02 b.d b.d 0.49 b.d 86.77
NOM-003_spot2_02 25.09 20.33 b.d 15.82 b.d 23.41 b.d b.d b.d b.d b.d b.d 0.42 b.d 85.17
NOM-003_spot3_03 25.78 20.88 b.d 16.07 b.d 23.76 b.d b.d b.d 0.02 b.d b.d 0.40 b.d 87.06
NOM-003_spot3_04 25.90 20.88 b.d 15.67 b.d 24.00 b.d b.d b.d 0.02 b.d b.d 0.43 b.d 87.10
NOM-003_spot4_01 25.21 21.38 b.d 15.52 b.d 23.95 b.d b.d b.d 0.02 b.d b.d 0.41 b.d 86.55
NOM-003_spot4_02 25.48 21.34 b.d 16.19 b.d 23.13 b.d b.d b.d 0.02 b.d b.d 0.43 b.d 86.68
FH-003_spot1_04 32.13 16.21 b.d 11.58 b.d 22.45 0.08 b.d 3.05 0.14 b.d 0.08 0.32 b.d 87.01
FH-003_spot1_05 32.62 16.27 b.d 12.43 b.d 23.55 0.59 0.51 0.45 0.03 b.d 0.10 0.30 b.d 86.99
FH-003_spot2_03 34.04 18.81 0.101 12.30 b.d 21.29 0.20 0.48 0.23 0.04 b.d 0.15 0.28 b.d 88.01
FH-003_spot3_05 24.62 20.22 b.d 13.76 b.d 26.26 0.17 b.d b.d 0.05 b.d b.d 0.49 b.d 85.70
FH-010_spot1_03 26.19 19.62 b.d 16.14 b.d 24.08 b.d b.d b.d 0.02 b.d b.d 0.44 b.d 86.53
FH-010_spot1_04 25.37 20.56 b.d 15.95 b.d 23.91 b.d b.d b.d 0.01 b.d b.d 0.41 b.d 86.40
FH-010_spot2_03 26.33 19.28 b.d 16.19 b.d 24.31 b.d b.d b.d 0.03 b.d b.d 0.45 b.d 86.70
FH-010_spot2_04 26.06 20.10 b.d 15.79 b.d 24.34 b.d b.d b.d 0.04 b.d b.d 0.48 b.d 86.89
FH-010_spot3_01 24.96 20.74 b.d 14.33 b.d 25.78 b.d b.d b.d 0.03 b.d 0.08 0.49 b.d 86.33
FH-010_spot3_02 24.91 21.04 b.d 14.39 b.d 25.58 b.d b.d b.d 0.02 b.d b.d 0.45 b.d 86.42
FH-010_spot4_01 24.94 20.77 b.d 14.74 b.d 25.74 b.d b.d b.d 0.02 b.d b.d 0.45 b.d 86.83
FH-010_spot4_02 25.13 20.68 b.d 14.54 b.d 24.70 b.d b.d b.d 0.02 b.d b.d 0.41 b.d 85.67
Chlorite	Microprobe	Data b.d=	below	detection	limit n.a=	not	analyzed
FH-010_spot5_03 25.52 20.77 b.d 16.14 b.d 23.41 b.d b.d b.d 0.02 b.d b.d 0.39 b.d 86.39
FH-010_spot5_04 25.81 20.48 b.d 16.27 b.d 23.82 b.d b.d b.d 0.03 b.d b.d 0.39 b.d 86.98
Chlorite	apfu	Data
Spot	Name Si Al Na Mg F Fe	(2+) Ca Ti K Cl Sr Ni Mn Cr
CC-008_spot2_03 5.63 4.84 b.d 4.94 b.d 4.44 b.d b.d b.d 0.009 b.d 0.0176 0.06 b.d
CC-008_spot2_04 5.69 4.70 b.d 5.10 b.d 4.38 b.d b.d b.d 0.007 b.d 0.0164 0.07 b.d
CC-008_spot2_05 5.67 4.95 b.d 4.94 b.d 4.18 0.02 b.d 0.018 0.011 b.d 0.0298 0.05 b.d
CC-008_spot4_02 5.58 5.01 b.d 4.87 b.d 4.35 b.d b.d 0.006 0.009 b.d 0.0301 0.06 b.d
CC-008_spot4_05 5.58 5.00 b.d 4.51 b.d 4.70 0.02 b.d b.d 0.007 b.d 0.0308 0.06 b.d
CC-013_spot1_05 5.83 4.53 b.d 5.59 b.d 3.86 0.03 b.d 0.001 0.000 b.d b.d 0.05 b.d
CC-013_spot1_06 6.00 4.15 b.d 6.00 b.d 3.70 0.02 b.d 0.002 0.000 b.d 0.0118 0.04 b.d
CC-013_spot2a_03 5.80 4.64 b.d 5.33 b.d 4.00 0.03 b.d 0.021 0.007 b.d b.d 0.06 b.d
CC-013_spot2b_03 5.88 4.60 b.d 5.38 b.d 3.82 0.07 b.d 0.044 0.000 b.d b.d 0.05 b.d
CC-013_spot3_03 5.84 4.51 0.001 5.53 b.d 3.89 0.02 b.d b.d 0.000 b.d b.d 0.05 0.04
NOM-005_spot1_01 5.47 5.18 b.d 5.08 b.d 4.12 b.d b.d b.d 0.006 b.d b.d 0.07 b.d
NOM-005_spot1_02 5.48 5.07 b.d 5.21 b.d 4.13 b.d b.d b.d 0.007 b.d b.d 0.08 b.d
NOM-005_spot1_03 5.45 5.25 b.d 5.09 b.d 4.03 0.02 b.d b.d 0.019 b.d b.d 0.07 b.d
NOM-005_spot1_04 5.48 5.08 b.d 5.12 b.d 4.15 0.02 0.02 b.d 0.014 b.d b.d 0.08 b.d
NOM-005_spot2_01 5.65 4.84 b.d 5.33 b.d 4.03 b.d b.d b.d 0.010 b.d b.d 0.06 b.d
NOM-005_spot2_02 5.53 4.99 b.d 5.25 b.d 4.13 b.d b.d b.d 0.000 b.d b.d 0.07 b.d
NOM-005_spot2_03 5.76 4.61 b.d 5.65 b.d 3.83 b.d b.d b.d 0.012 b.d b.d 0.07 b.d
NOM-005_spot2_04 5.78 4.61 b.d 5.56 b.d 3.90 b.d b.d b.d 0.010 b.d b.d 0.07 b.d
NOM-005_spot3_01 5.51 5.01 b.d 5.20 b.d 4.18 b.d b.d b.d 0.009 b.d b.d 0.07 b.d
NOM-005_spot3_02 5.50 5.09 b.d 5.07 b.d 4.22 b.d b.d 0.008 0.008 b.d b.d 0.08 b.d
NOM-005_spot3_03 5.50 5.15 b.d 5.25 b.d 3.95 b.d b.d b.d 0.014 b.d b.d 0.07 b.d
NOM-005_spot3_04 5.51 5.09 b.d 5.17 b.d 4.09 b.d b.d b.d 0.015 b.d b.d 0.08 b.d
NOM-005_spot4_01 5.44 5.18 b.d 5.12 b.d 4.16 b.d b.d b.d 0.004 b.d b.d 0.07 b.d
NOM-005_spot4_02 5.53 5.02 b.d 5.24 b.d 4.09 b.d b.d b.d 0.000 b.d b.d 0.08 b.d
NOM-005_spot4_03 5.50 5.10 b.d 5.17 b.d 4.10 b.d b.d b.d 0.009 b.d b.d 0.08 b.d
NOM-005_spot4_04 5.60 4.94 b.d 5.40 b.d 3.92 b.d b.d b.d 0.008 b.d b.d 0.07 b.d
NOM-002_spot1_01 5.46 5.11 b.d 5.22 b.d 4.12 b.d b.d b.d 0.006 b.d b.d 0.07 b.d
NOM-002_spot1_02 5.48 5.11 b.d 5.23 b.d 4.07 b.d b.d b.d 0.006 b.d b.d 0.07 b.d
NOM-002_spot2_01 5.44 5.12 b.d 5.23 b.d 4.13 b.d b.d b.d 0.007 b.d b.d 0.07 b.d
NOM-002_spot2_02 5.56 5.02 b.d 5.21 b.d 4.06 b.d b.d b.d 0.009 b.d b.d 0.07 b.d
NOM-002_spot3_01 5.54 5.04 b.d 5.35 b.d 3.95 b.d b.d b.d 0.000 b.d b.d 0.07 b.d
NOM-002_spot3_02 5.48 5.06 b.d 5.21 b.d 4.16 b.d b.d b.d 0.007 b.d b.d 0.07 b.d
NOM-009_spot1_01 5.39 5.23 b.d 2.48 b.d 6.77 b.d b.d b.d 0.000 b.d b.d 0.12 b.d
NOM-009_spot1_02 5.43 5.24 b.d 2.67 b.d 6.51 b.d b.d b.d 0.006 b.d b.d 0.11 b.d
NOM-009_spot1_03 5.50 5.10 b.d 2.68 b.d 6.54 b.d b.d b.d 0.010 b.d b.d 0.11 b.d
NOM-009_spot1_04 5.44 5.29 b.d 2.49 b.d 6.58 b.d b.d b.d 0.009 b.d b.d 0.12 b.d
NOM-009_spot2_01 5.41 5.21 b.d 2.56 b.d 6.71 b.d b.d b.d 0.000 b.d b.d 0.12 b.d
NOM-009_spot2_02 5.45 5.13 b.d 2.71 b.d 6.60 b.d b.d b.d 0.000 b.d b.d 0.11 b.d
NOM-009_spot3_05 5.50 5.05 b.d 2.80 b.d 6.49 b.d b.d b.d 0.008 b.d b.d 0.13 b.d
NOM-009_spot3_06 5.46 5.14 b.d 2.71 b.d 6.53 b.d b.d b.d 0.008 b.d b.d 0.12 b.d
NOM-009_spot4_01 5.45 5.25 b.d 2.55 b.d 6.55 b.d b.d b.d 0.011 b.d b.d 0.12 b.d
NOM-009_spot4_02 5.46 5.05 b.d 2.69 b.d 6.68 b.d b.d b.d 0.007 b.d b.d 0.13 b.d
NOM-009_spot4_03 5.32 5.35 b.d 2.37 b.d 6.83 b.d b.d b.d 0.014 b.d b.d 0.13 b.d
NOM-003_spot1_04 5.39 5.24 b.d 5.07 b.d 4.23 b.d b.d b.d 0.000 b.d b.d 0.08 b.d
NOM-003_spot1_05 5.76 4.76 b.d 5.03 b.d 4.09 0.015 0.024 0.15 0.008 b.d b.d 0.08 b.d
NOM-003_spot1_06 5.45 5.15 b.d 5.08 b.d 4.21 b.d b.d b.d 0.006 b.d b.d 0.07 b.d
NOM-003_spot2_01 5.43 5.16 b.d 5.09 b.d 4.22 b.d b.d b.d 0.006 b.d b.d 0.09 b.d
NOM-003_spot2_02 5.42 5.18 b.d 5.10 b.d 4.23 b.d b.d b.d 0.000 b.d b.d 0.08 b.d
NOM-003_spot3_03 5.44 5.19 b.d 5.06 b.d 4.19 b.d b.d b.d 0.005 b.d b.d 0.07 b.d
NOM-003_spot3_04 5.47 5.20 b.d 4.94 b.d 4.24 b.d b.d b.d 0.007 b.d b.d 0.08 b.d
NOM-003_spot4_01 5.36 5.35 b.d 4.92 b.d 4.26 b.d b.d b.d 0.008 b.d b.d 0.07 b.d
NOM-003_spot4_02 5.38 5.31 b.d 5.10 b.d 4.09 b.d b.d b.d 0.006 b.d b.d 0.08 b.d
FH-003_spot1_04 6.84 4.07 b.d 3.67 b.d 4.00 0.02 b.d 0.83 0.052 b.d 0.0137 0.06 b.d
FH-003_spot1_05 6.80 4.00 b.d 3.86 b.d 4.11 0.13 0.08 0.12 0.012 b.d 0.0164 0.05 b.d
FH-003_spot2_03 6.85 4.46 0.0394 3.69 b.d 3.58 0.04 0.07 0.06 0.013 b.d 0.0235 0.05 b.d
FH-003_spot3_05 5.38 5.21 b.d 4.48 b.d 4.80 0.04 b.d b.d 0.020 b.d b.d 0.09 b.d
FH-010_spot1_03 5.57 4.92 b.d 5.12 b.d 4.28 b.d b.d b.d 0.009 b.d b.d 0.08 b.d
FH-010_spot1_04 5.41 5.17 b.d 5.07 b.d 4.27 b.d b.d b.d 0.004 b.d b.d 0.07 b.d
FH-010_spot2_03 5.60 4.83 b.d 5.13 b.d 4.32 b.d b.d b.d 0.010 b.d b.d 0.08 b.d
FH-010_spot2_04 5.53 5.02 b.d 4.99 b.d 4.32 b.d b.d b.d 0.013 b.d b.d 0.09 b.d
FH-010_spot3_01 5.37 5.26 b.d 4.60 b.d 4.64 b.d b.d b.d 0.012 b.d 0.0145 0.09 b.d
FH-010_spot3_02 5.35 5.33 b.d 4.61 b.d 4.60 b.d b.d b.d 0.009 b.d b.d 0.08 b.d
FH-010_spot4_01 5.35 5.25 b.d 4.72 b.d 4.62 b.d b.d b.d 0.008 b.d b.d 0.08 b.d
FH-010_spot4_02 5.43 5.27 b.d 4.68 b.d 4.46 b.d b.d b.d 0.009 b.d b.d 0.08 b.d
FH-010_spot5_03 5.42 5.20 b.d 5.11 b.d 4.16 b.d b.d b.d 0.006 b.d b.d 0.07 b.d
FH-010_spot5_04 5.46 5.11 b.d 5.13 b.d 4.21 b.d b.d b.d 0.009 b.d b.d 0.07 b.d
CC-013_spot4_03 5.51 5.06 b.d 5.19 b.d 4.12 b.d b.d b.d b.d b.d b.d 0.06 b.d
b.d=	below	detection	limit n.a=	not	analyzed
CC-013_spot5_03 5.65 4.75 b.d 5.45 b.d 4.06 b.d b.d b.d b.d b.d b.d 0.06 b.d
CC-010_spot1_02 5.87 4.46 b.d 5.28 b.d 4.20 b.d b.d b.d b.d b.d b.d 0.06 b.d
CC-010_spot1_03 5.59 4.88 b.d 4.92 b.d 4.50 b.d b.d 0.003 b.d b.d b.d 0.07 b.d
CC-010_spot2_02 5.61 4.83 b.d 5.07 b.d 4.33 b.d b.d b.d 0.007 b.d b.d 0.12 b.d
CC-010_spot3_03 5.61 4.91 b.d 4.93 b.d 4.39 b.d b.d 0.02 0.006 b.d b.d 0.06 b.d
CC-010_spot4_03 5.67 4.71 b.d 5.13 b.d 4.40 b.d b.d b.d 0.006 b.d b.d 0.06 b.d
Spot	Name
SiO2	
(Mass%)
Al2O3	
(Mass%)
Na2O	
(Mass%)
MgO	
(Mass%)
F	
(Mass%)
FeO	
(Mass%)
CaO	
(Mass%)
TiO2	
(Mass%)
K2O	
(Mass%)
Cl	
(Mass%)
SrO	
(Mass%)
NiO	
(Mass%)
MnO	
(Mass%)
Cr2O3	
(Mass%) Total
CC-008_spot1_01 36.54 13.80 b.d 9.69 b.d 22.12 b.d 3.42 9.50 0.32 b.d 0.148 0.15 b.d 96.04
CC-008_spot1_02 36.76 15.29 b.d 10.20 b.d 19.34 b.d 3.26 9.62 0.31 b.d 0.133 0.12 b.d 95.41
NOM-009_spot2_05 33.79 16.37 b.d 5.64 b.d 28.44 b.d 1.27 9.34 0.20 b.d b.d 0.29 b.d 95.46
NOM-009_spot2_06 34.74 15.51 b.d 6.22 b.d 27.19 b.d 1.52 9.64 0.12 b.d b.d 0.27 b.d 95.27
NOM-003_spot1_01 35.76 17.01 b.d 10.86 0.36 19.14 b.d 1.38 9.80 0.13 b.d b.d 0.21 b.d 94.82
NOM-003_spot1_02 36.02 16.91 b.d 10.94 b.d 19.24 b.d 1.40 9.91 0.14 b.d b.d 0.24 b.d 95.16
NOM-003_spot1_03 36.14 16.59 b.d 11.20 b.d 19.10 b.d 1.24 9.57 0.17 b.d b.d 0.25 b.d 94.74
NOM-003_spot2_03 36.55 16.38 b.d 11.29 b.d 18.89 b.d 1.30 10.01 0.09 b.d b.d 0.24 b.d 95.07
NOM-003_spot2_04 36.14 16.88 b.d 10.92 b.d 18.94 b.d 1.22 10.00 0.11 b.d b.d 0.17 b.d 94.67
NOM-003_spot3_01 36.69 16.64 b.d 11.24 b.d 18.62 b.d 1.24 10.06 0.10 b.d b.d 0.20 b.d 95.13
NOM-003_spot3_02 36.62 16.45 b.d 11.51 0.38 18.55 b.d 1.18 9.92 0.09 b.d b.d 0.22 b.d 95.03
FH-002_spot1_01 35.61 16.08 b.d 10.90 b.d 20.27 0.15 1.45 9.18 0.31 b.d b.d 0.21 b.d 94.46
FH-002_spot1_02 35.29 16.06 b.d 11.83 b.d 21.25 0.11 1.41 7.96 0.30 b.d b.d 0.25 b.d 94.65
FH-002_spot2_01 35.87 15.72 0.06 10.68 b.d 19.00 0.08 1.72 9.19 0.31 b.d b.d 0.24 b.d 93.08
FH-002_spot2_02 36.03 15.67 b.d 11.37 b.d 19.96 0.08 1.60 9.07 0.29 b.d b.d 0.25 b.d 94.48
FH-002_spot2_03 35.60 16.15 b.d 11.06 b.d 19.66 b.d 1.58 9.21 0.28 b.d b.d 0.23 b.d 93.96
FH-002_spot3_03 33.13 16.03 b.d 10.61 b.d 22.64 0.12 1.10 7.35 0.38 b.d b.d 0.25 b.d 91.91
FH-002_spot3_04 33.21 16.31 b.d 11.30 b.d 24.18 0.13 1.14 6.01 0.21 b.d b.d 0.21 b.d 92.83
FH-002_spot4_03 35.83 16.43 b.d 10.23 b.d 20.30 0.11 1.45 9.59 0.31 b.d b.d 0.19 b.d 94.70
FH-002_spot4_04 35.59 15.96 b.d 10.42 b.d 20.44 b.d 1.50 9.70 0.32 b.d b.d 0.23 b.d 94.28
FH-002_spot5_03 34.55 16.06 b.d 10.79 b.d 20.21 b.d 1.40 8.81 0.27 b.d b.d 0.22 b.d 92.62
FH-002_spot5_04 35.71 16.10 b.d 10.52 b.d 20.06 0.12 1.50 9.66 0.34 b.d b.d 0.22 b.d 94.44
FH-003_spot4_03 35.44 15.43 b.d 10.62 b.d 21.17 b.d 1.64 9.39 0.37 b.d b.d 0.26 b.d 94.32
FH-003_spot4_04 34.70 15.65 b.d 10.88 b.d 22.17 0.07 1.46 7.88 0.34 b.d b.d 0.28 b.d 93.42
FH-006_spot1_05 36.16 15.68 0.07 11.26 b.d 19.87 0.09 1.58 9.29 0.34 b.d b.d 0.23 b.d 94.85
FH-006_spot1_06 36.34 15.81 0.10 11.46 b.d 20.04 0.16 1.75 9.09 0.32 b.d b.d 0.19 b.d 95.40
FH-006_spot2_05 36.61 15.93 b.d 11.13 b.d 19.28 b.d 1.63 9.73 0.31 b.d b.d 0.21 0.15 95.25
FH-006_spot2_06 36.65 15.72 b.d 11.41 b.d 18.83 0.08 1.54 9.61 0.31 b.d b.d 0.21 0.15 94.73
FH-006_spot3_05 37.23 15.45 b.d 11.90 0.33 18.13 b.d 1.66 9.65 0.28 b.d b.d 0.21 b.d 95.04
FH-006_spot3_06 36.98 15.72 b.d 12.16 b.d 18.95 0.15 1.51 9.09 0.32 b.d b.d 0.21 b.d 95.51
FH-006_spot4_05 35.51 15.75 b.d 10.72 0.24 20.45 b.d 1.72 9.57 0.31 b.d b.d 0.20 0.37 95.04
FH-006_spot4_06 35.29 16.35 0.08 10.85 b.d 20.06 b.d 1.32 9.36 0.37 b.d 0.07 0.22 b.d 94.12
FH-010_spot1_01 35.94 16.15 b.d 10.95 b.d 19.88 b.d 1.64 9.91 0.14 b.d b.d 0.25 b.d 95.28
FH-010_spot1_02 36.47 15.78 b.d 11.29 b.d 19.42 b.d 1.52 9.79 0.12 b.d b.d 0.26 b.d 95.04
FH-010_spot2_01 35.88 15.86 0.04 10.77 b.d 19.78 b.d 1.44 9.90 0.13 b.d b.d 0.28 b.d 94.48
FH-010_spot2_02 35.54 16.03 b.d 11.21 b.d 20.59 0.10 1.30 9.44 0.16 b.d b.d 0.28 b.d 95.05
FH-010_spot5_01 36.25 15.61 0.06 11.31 b.d 19.05 b.d 1.55 9.89 0.15 b.d b.d 0.23 b.d 94.35
FH-010_spot5_02 35.75 15.78 0.07 11.61 b.d 19.43 b.d 1.45 9.28 0.14 b.d b.d 0.26 b.d 94.26
Biotite	apfu	Data
Spot	Name Si Al Na Mg F Fe Ca Ti K Cl Sr Ni Mn Cr
CC-008_spot1_01 2.82 1.26 b.d 1.12 b.d 1.43 b.d 0.20 0.94 0.04 b.d 0.009 0.01 b.d
CC-008_spot1_02 2.81 1.38 b.d 1.16 b.d 1.24 b.d 0.19 0.94 0.04 b.d 0.008 0.01 b.d
NOM-009_spot2_05 2.71 1.55 b.d 0.67 b.d 1.91 b.d 0.08 0.96 0.03 b.d b.d 0.02 b.d
NOM-009_spot2_06 2.77 1.46 b.d 0.74 b.d 1.82 b.d 0.09 0.98 0.02 b.d b.d 0.02 b.d
NOM-003_spot1_01 2.74 1.54 b.d 1.24 0.09 1.23 b.d 0.08 0.96 0.02 b.d b.d 0.01 b.d
NOM-003_spot1_02 2.77 1.53 b.d 1.25 b.d 1.24 b.d 0.08 0.97 0.02 b.d b.d 0.02 b.d
NOM-003_spot1_03 2.79 1.51 b.d 1.29 b.d 1.23 b.d 0.07 0.94 0.02 b.d b.d 0.02 b.d
NOM-003_spot2_03 2.80 1.48 b.d 1.29 b.d 1.21 b.d 0.08 0.98 0.01 b.d b.d 0.02 b.d
NOM-003_spot2_04 2.78 1.53 b.d 1.25 b.d 1.22 b.d 0.07 0.98 0.01 b.d b.d 0.01 b.d
NOM-003_spot3_01 2.81 1.50 b.d 1.28 b.d 1.19 b.d 0.07 0.98 0.01 b.d b.d 0.01 b.d
NOM-003_spot3_02 2.79 1.47 b.d 1.30 0.09 1.18 b.d 0.07 0.96 0.01 b.d b.d 0.01 b.d
FH-002_spot1_01 2.76 1.47 b.d 1.26 b.d 1.32 0.013 0.08 0.91 0.04 b.d b.d 0.01 b.d
FH-002_spot1_02 2.73 1.46 b.d 1.36 b.d 1.37 0.009 0.08 0.78 0.04 b.d b.d 0.02 b.d
FH-002_spot2_01 2.81 1.45 0.009 1.24 b.d 1.24 0.007 0.10 0.92 0.04 b.d b.d 0.02 b.d
FH-002_spot2_02 2.78 1.43 b.d 1.31 b.d 1.29 0.007 0.09 0.89 0.04 b.d b.d 0.02 b.d
FH-002_spot2_03 2.77 1.48 b.d 1.28 b.d 1.28 b.d 0.09 0.91 0.04 b.d b.d 0.02 b.d
FH-002_spot3_03 2.67 1.52 b.d 1.27 b.d 1.52 0.011 0.07 0.75 0.05 b.d b.d 0.02 b.d
FH-002_spot3_04 2.64 1.53 b.d 1.34 b.d 1.61 0.011 0.07 0.61 0.03 b.d b.d 0.01 b.d
FH-002_spot4_03 2.78 1.50 b.d 1.18 b.d 1.31 0.009 0.08 0.95 0.04 b.d b.d 0.01 b.d
FH-002_spot4_04 2.77 1.47 b.d 1.21 b.d 1.33 b.d 0.09 0.96 0.04 b.d b.d 0.01 b.d
FH-002_spot5_03 2.74 1.50 b.d 1.27 b.d 1.34 b.d 0.08 0.89 0.04 b.d b.d 0.02 b.d
FH-002_spot5_04 2.77 1.47 b.d 1.22 b.d 1.30 0.01 0.09 0.96 0.05 b.d b.d 0.01 b.d
FH-003_spot4_03 2.77 1.42 b.d 1.24 b.d 1.38 b.d 0.10 0.93 0.05 b.d b.d 0.02 b.d
FH-003_spot4_04 2.73 1.45 b.d 1.27 b.d 1.46 0.006 0.09 0.79 0.05 b.d b.d 0.02 b.d
FH-006_spot1_05 2.79 1.42 0.01 1.29 b.d 1.28 0.007 0.09 0.91 0.04 b.d b.d 0.01 b.d
FH-006_spot1_06 2.78 1.42 0.02 1.31 b.d 1.28 0.01 0.10 0.89 0.04 b.d b.d 0.01 b.d
FH-006_spot2_05 2.81 1.44 b.d 1.27 b.d 1.24 b.d 0.09 0.95 0.04 b.d b.d 0.01 0.003
FH-006_spot2_06 2.82 1.42 b.d 1.31 b.d 1.21 0.007 0.09 0.94 0.04 b.d b.d 0.01 0.003
FH-006_spot3_05 2.82 1.38 b.d 1.35 0.08 1.15 b.d 0.09 0.93 0.04 b.d b.d 0.01 b.d
b.d=	below	detection	limit n.a=	not	analyzed
b.d=	below	detection	limit n.a=	not	analyzed
Biotite	Microprobe	Data
FH-006_spot3_06 2.81 1.41 b.d 1.38 b.d 1.20 0.01 0.09 0.88 0.04 b.d b.d 0.01 b.d
FH-006_spot4_05 2.75 1.44 b.d 1.24 0.06 1.32 b.d 0.10 0.94 0.04 b.d b.d 0.01 0.008
FH-006_spot4_06 2.75 1.50 0.01 1.26 b.d 1.31 b.d 0.08 0.93 0.05 b.d 0.004 0.01 b.d
FH-010_spot1_01 2.77 1.47 b.d 1.26 b.d 1.28 b.d 0.10 0.98 0.02 b.d b.d 0.02 b.d
FH-010_spot1_02 2.81 1.43 b.d 1.30 b.d 1.25 b.d 0.09 0.96 0.02 b.d b.d 0.02 b.d
FH-010_spot2_01 2.79 1.45 0.006 1.25 b.d 1.29 b.d 0.08 0.98 0.02 b.d b.d 0.02 b.d
FH-010_spot2_02 2.75 1.46 b.d 1.30 b.d 1.33 0.008 0.08 0.93 0.02 b.d b.d 0.02 b.d
FH-010_spot5_01 2.81 1.42 0.01 1.31 b.d 1.23 b.d 0.09 0.98 0.02 b.d b.d 0.01 b.d
FH-010_spot5_02 2.78 1.44 0.01 1.34 b.d 1.26 b.d 0.08 0.92 0.02 b.d b.d 0.02 b.d
Spot Name
SiO2 
(Mass%)
Al2O3 
(Mass%)
Na2O 
(Mass%)
MgO 
(Mass%)
F 
(Mass%)
Fe2O3 
(Mass%)
FeO 
(Mass%)
CaO 
(Mass%)
TiO2 
(Mass%)
K2O 
(Mass%)
Cl 
(Mass%)
SrO 
(Mass%)
NiO 
(Mass%)
MnO 
(Mass%)
Cr2O3 
(Mass%) Total
CC-013_spot1_03 43.93 9.34 2.25 16.54 1.31 6.69 2.95 11.03 2.91 1.07 b.d b.d b.d 0.21 b.d 99.10
CC-013_spot1_04 52.27 2.66 0.30 14.64 b.d 1.96 11.86 12.52 b.d 0.09 b.d b.d b.d 0.25 b.d 98.61
CC-013_spot3_01 43.88 9.40 2.10 16.12 0.73 6.37 3.74 11.15 2.89 1.10 b.d b.d b.d 0.22 b.d 99.10
CC-013_spot3_02 53.32 1.84 0.17 14.26 b.d 1.35 13.40 12.58 b.d 0.07 b.d b.d b.d 0.20 0.15 99.40
NOM-009_spot3_01 51.30 1.01 0.00 8.31 b.d 1.67 22.38 12.10 b.d 0.05 0.03 b.d b.d 0.38 b.d 99.18
NOM-009_spot3_02 51.13 1.49 0.15 8.50 b.d 0.60 22.51 12.17 b.d 0.08 0.03 b.d b.d 0.32 b.d 98.93
NOM-009_spot3_03 46.18 4.64 0.83 7.64 b.d 10.77 14.90 9.55 1.01 0.71 0.23 b.d b.d 0.50 b.d 98.80
NOM-009_spot3_04 44.04 6.36 0.81 5.98 b.d 7.76 18.92 10.53 1.26 0.92 0.39 b.d b.d 0.64 b.d 99.33
NOM-009_spot3_07 51.28 1.77 0.22 9.42 b.d 1.50 20.05 11.89 0.18 0.19 0.10 b.d b.d 0.58 b.d 99.10
FH-002_spot1_03 53.59 1.83 0.18 15.14 b.d 3.05 10.76 12.28 b.d 0.08 0.04 b.d b.d 0.35 0.18 99.54
FH-002_spot1_04 54.19 1.33 0.15 15.47 b.d 2.62 10.69 12.25 b.d 0.06 0.02 b.d b.d 0.34 0.13 99.32
FH-002_spot1_05 55.68 1.19 0.15 19.42 b.d 3.45 4.59 12.55 b.d 0.03 b.d b.d b.d 0.26 b.d 99.45
FH-002_spot1_06 54.77 1.61 0.20 18.15 b.d 2.05 6.84 12.53 b.d 0.05 b.d b.d b.d 0.23 b.d 98.53
FH-002_spot4_01 53.28 1.97 0.20 15.36 b.d 3.50 9.94 12.11 0.14 0.20 0.04 b.d b.d 0.32 0.29 99.41
FH-002_spot4_02 55.05 1.09 0.12 16.98 b.d 2.46 8.78 12.43 b.d 0.05 b.d b.d b.d 0.25 0.18 99.48
FH-002_spot5_01 54.66 1.31 0.18 17.32 b.d 2.27 8.04 12.44 b.d 0.03 b.d b.d b.d 0.26 0.28 98.87
FH-002_spot5_02 52.43 2.37 0.20 14.78 b.d 4.16 9.82 11.70 b.d 0.38 0.05 b.d b.d 0.32 b.d 98.23
FH-003_spot1_01 52.32 2.90 0.28 14.28 b.d 2.23 12.01 12.35 0.14 0.19 0.08 b.d b.d 0.37 b.d 99.16
FH-003_spot1_02 46.01 6.96 0.87 10.25 b.d 7.02 12.94 11.10 1.07 0.81 0.39 b.d b.d 0.53 b.d 99.78
FH-003_spot2_01 47.51 6.07 0.78 10.95 b.d 5.48 13.39 11.57 0.38 0.53 0.17 b.d b.d 0.47 b.d 99.22
FH-003_spot2_02 52.14 2.95 0.26 14.22 b.d 2.92 11.66 12.32 b.d 0.16 0.08 b.d b.d 0.38 b.d 99.11
FH-003_spot3_01 46.57 6.09 0.82 10.41 b.d 5.98 13.51 11.02 1.07 0.88 0.31 b.d b.d 0.51 b.d 99.01
FH-003_spot3_02 53.97 1.03 0.08 14.75 b.d 1.15 13.12 12.66 b.d b.d b.d b.d b.d 0.27 b.d 99.08
FH-003_spot4_03 35.44 15.43 b.d 10.62 b.d 0.00 21.17 0.00 1.64 9.39 0.37 b.d b.d 0.26 b.d 95.97
FH-003_spot4_04 34.70 15.65 b.d 10.88 b.d 0.00 22.17 0.07 1.46 7.88 0.34 b.d b.d 0.28 b.d 95.08
FH-006_spot2_01 53.70 2.32 0.21 16.66 b.d 2.83 8.53 12.60 b.d 0.08 0.04 b.d b.d 0.26 0.37 99.69
FH-006_spot2_02 54.11 1.51 0.17 16.01 b.d 3.89 8.61 11.95 b.d 0.11 b.d b.d b.d 0.39 0.51 99.36
FH-006_spot2_03 48.65 5.01 0.78 12.72 b.d 10.59 7.97 10.58 b.d 0.61 b.d b.d b.d 0.40 b.d 99.33
FH-006_spot2_04 45.78 6.77 0.97 10.28 b.d 8.00 12.32 10.80 1.16 0.87 0.38 b.d b.d 0.54 b.d 99.70
FH-006_spot3_01 53.65 1.80 0.21 15.12 b.d 5.13 9.16 11.63 b.d 0.18 0.03 b.d b.d 0.35 0.39 99.71
FH-006_spot3_02 54.10 1.25 0.12 15.93 b.d 3.03 9.93 12.38 b.d 0.04 0.04 b.d b.d 0.35 b.d 99.24
FH-006_spot3_03 45.69 6.72 0.91 10.20 b.d 7.92 12.58 10.76 1.29 1.02 0.38 b.d b.d 0.45 b.d 99.73
FH-006_spot3_04 47.53 5.52 0.88 10.74 b.d 7.27 12.98 11.02 0.74 0.62 0.24 b.d b.d 0.39 b.d 99.81
FH-006_spot4_01 53.52 2.27 0.22 15.61 b.d 2.81 9.93 12.41 b.d 0.07 0.03 b.d b.d 0.32 0.57 99.83
FH-006_spot4_02 53.87 2.16 0.20 16.27 b.d 4.30 7.89 12.05 b.d 0.05 0.03 b.d b.d 0.29 0.43 99.61
FH-006_spot4_03 45.80 6.51 0.91 10.35 b.d 8.39 12.04 10.68 1.22 0.91 0.35 b.d b.d 0.48 b.d 99.46
FH-006_spot4_04 46.29 6.28 0.92 10.45 b.d 9.31 11.41 10.52 1.27 0.75 0.32 b.d b.d 0.52 b.d 99.88
CC-013_spot2a_01 51.61 4.14 0.61 18.07 0.85 5.33 3.74 12.03 0.39 0.39 0.04 b.d b.d 0.27 b.d 98.79
CC-013_spot2a_02 52.54 2.63 0.31 14.90 b.d 1.72 11.52 12.50 b.d 0.09 b.d b.d b.d 0.27 b.d 98.52
CC-013_spot2b_01 53.34 2.72 0.29 18.20 b.d 5.68 4.18 12.20 0.15 0.17 b.d b.d b.d 0.34 b.d 99.40
CC-013_spot2b_02 52.02 2.70 0.28 15.06 b.d 3.83 9.90 12.23 b.d 0.08 b.d b.d b.d 0.25 b.d 98.40
CC-013_spot2c_01 50.85 4.12 0.67 17.19 b.d 2.61 7.35 12.75 0.95 0.37 0.03 b.d b.d 0.26 b.d 99.22
CC-013_spot2c_02 52.51 2.50 0.28 14.71 b.d 1.16 12.41 12.67 b.d 0.09 b.d b.d b.d 0.23 b.d 98.61
CC-013_spot4_02 51.90 2.81 0.23 14.41 b.d 4.95 10.27 12.07 b.d 0.07 b.d b.d b.d 0.22 b.d 98.99
CC-013_spot5_01 43.96 9.56 1.85 15.75 0.38 6.73 3.79 11.11 2.95 1.07 b.d b.d b.d 0.23 b.d 99.11
CC-013_spot5_02 52.57 1.00 0.11 10.94 b.d 0.42 19.09 12.38 b.d 0.07 b.d b.d b.d 0.48 b.d 99.05
CC-010_spot1_01 52.55 1.73 0.14 12.57 b.d 1.22 15.66 12.29 b.d 0.04 b.d b.d b.d 0.27 b.d 98.48
CC-010_spot2_01 53.26 1.71 0.25 15.35 b.d 4.24 9.45 11.84 0.17 0.04 0.02 b.d b.d 0.31 b.d 98.69
CC-010_spot3_01 52.01 2.72 0.24 13.40 b.d 1.69 13.81 12.48 b.d 0.10 0.02 b.d b.d 0.33 b.d 98.82
CC-010_spot3_02 52.60 2.37 0.23 13.66 b.d 1.96 13.26 12.24 b.d 0.09 b.d b.d b.d 0.29 b.d 98.73
CC-010_spot4_01 50.96 3.52 0.41 12.11 b.d 3.19 14.20 11.92 0.30 0.10 0.02 b.d b.d 0.39 b.d 99.14
CC-010_spot4_02 52.32 1.76 0.18 12.86 b.d 1.03 15.35 12.34 0.16 0.05 b.d b.d b.d 0.24 b.d 98.29
CC-014_spot1_01 44.87 8.57 2.31 15.97 1.76 5.59 5.03 11.11 2.69 0.90 b.d b.d b.d 0.21 b.d 99.49
CC-014_spot1_02 50.90 4.63 0.93 18.40 0.53 7.05 2.78 11.80 0.52 0.80 0.03 b.d b.d 0.17 b.d 100.17
CC-014_spot1_03 45.85 7.90 1.62 15.57 0.53 6.37 5.15 11.17 2.05 1.00 b.d b.d b.d 0.23 b.d 99.01
CC-014_spot1_04 53.71 1.92 0.21 15.00 b.d 1.49 12.02 12.51 b.d 0.07 0.02 b.d b.d 0.29 b.d 99.29
CC-014_spot2_01 53.01 2.66 0.33 15.35 b.d 3.27 9.75 12.09 b.d 0.09 b.d b.d b.d 0.28 b.d 98.89
CC-014_spot2_02 54.34 1.78 0.23 15.88 b.d 3.86 8.79 11.76 b.d 0.06 b.d b.d b.d 0.30 b.d 99.09
CC-014_spot2_04 52.15 2.47 0.18 14.48 b.d 6.83 9.27 11.82 b.d 0.07 0.02 b.d b.d 0.28 b.d 99.61
FH-002_spot3_01 53.16 2.24 0.19 14.73 b.d 1.16 12.23 12.50 0.34 0.07 0.02 b.d b.d 0.37 b.d 99.06
FH-002_spot3_02 53.84 1.65 0.17 16.43 b.d 3.47 8.50 12.27 b.d 0.06 b.d b.d b.d 0.32 0.16 98.96
FH-003_spot4_01 53.05 2.13 0.20 15.09 b.d 3.75 9.86 11.99 b.d 0.23 0.03 b.d b.d 0.39 0.38 99.16
FH-003_spot4_02 48.26 5.07 0.77 11.43 b.d 8.18 11.23 10.85 0.53 0.63 0.31 b.d b.d 0.61 b.d 99.74
FH-006_spot1_01 53.90 1.49 0.11 15.36 b.d 2.71 10.91 12.43 b.d 0.06 0.05 b.d b.d 0.38 b.d 99.44
FH-006_spot1_02 54.21 1.52 0.14 15.83 b.d 2.39 10.38 12.45 0.23 0.03 0.03 b.d b.d 0.36 0.12 99.76
FH-006_spot1_03 45.33 6.83 1.16 10.46 b.d 8.21 11.87 10.39 1.46 1.04 0.35 b.d b.d 0.27 b.d 99.19
FH-006_spot1_04 48.17 5.10 0.76 11.61 b.d 10.64 9.61 10.57 0.53 0.56 0.23 b.d b.d 0.54 b.d 100.25
FH-010_spot1_06 52.11 3.14 0.36 14.06 b.d 3.48 11.61 12.21 b.d 0.17 0.10 b.d b.d 0.40 b.d 99.64
FH-010_spot2_05 52.51 2.51 0.20 13.91 b.d 2.05 13.00 12.49 b.d 0.09 0.02 b.d b.d 0.32 b.d 99.14
FH-010_spot2_06 53.69 1.38 0.09 13.87 b.d 1.46 14.36 12.65 b.d 0.05 0.02 b.d b.d 0.30 b.d 99.90
FH-010_spot5_05 52.43 2.94 0.26 13.46 b.d 2.48 13.53 12.48 b.d 0.14 0.05 b.d b.d 0.36 b.d 100.16
Spot Name Si Al Na Mg F Fe3+ Fe2+ Ca Ti K Cl Sr Ni Mn Cr
CC-013_spot1_03 6.22 1.56 0.62 3.49 0.59 0.71 0.35 1.67 0.31 0.19 b.d b.d b.d 0.03 b.d
CC-013_spot1_04 7.65 0.46 0.09 3.19 b.d 0.22 1.45 1.96 b.d 0.02 b.d b.d b.d 0.03 b.d
CC-013_spot3_01 6.30 1.59 0.58 3.45 0.33 0.69 0.45 1.71 0.31 0.20 b.d b.d b.d 0.03 b.d
CC-013_spot3_02 7.77 0.32 0.05 3.10 b.d 0.15 1.63 1.97 b.d 0.01 b.d b.d b.d 0.02 0.006
b.d= below detection limit n.a= not  analyzedAmphibole Microprobe Data
b.d= below detection limit n.a= not analyzedAmphibole apfu Data
NOM-009_spot3_01 7.83 0.18 b.d 1.89 b.d 0.19 2.86 1.98 b.d 0.01 0.009 b.d b.d 0.05 b.d
NOM-009_spot3_02 7.81 0.27 0.05 1.93 b.d 0.07 2.87 1.99 b.d 0.01 0.007 b.d b.d 0.04 b.d
NOM-009_spot3_03 7.06 0.84 0.25 1.74 b.d 1.24 1.91 1.57 0.12 0.14 0.060 b.d b.d 0.06 b.d
NOM-009_spot3_04 6.82 1.16 0.24 1.38 b.d 0.90 2.45 1.75 0.15 0.18 0.101 b.d b.d 0.08 b.d
NOM-009_spot3_07 7.75 0.32 0.07 2.12 b.d 0.17 2.53 1.93 0.02 0.04 0.026 b.d b.d 0.07 b.d
FH-002_spot1_03 7.74 0.31 0.05 3.26 b.d 0.33 1.30 1.90 b.d 0.01 0.010 b.d b.d 0.04 0.007
FH-002_spot1_04 7.82 0.23 0.04 3.33 b.d 0.28 1.29 1.89 b.d 0.01 0.004 b.d b.d 0.04 0.005
FH-002_spot1_05 7.81 0.20 0.04 4.06 b.d 0.36 0.54 1.89 b.d 0.01 b.d b.d b.d 0.03 b.d
FH-002_spot1_06 7.81 0.27 0.05 3.86 b.d 0.22 0.82 1.91 b.d 0.01 b.d b.d b.d 0.03 b.d
FH-002_spot4_01 7.70 0.34 0.05 3.31 b.d 0.38 1.20 1.87 0.01 0.04 0.0108 b.d b.d 0.04 0.011
FH-002_spot4_02 7.85 0.18 0.03 3.61 b.d 0.26 1.05 1.90 b.d 0.01 b.d b.d b.d 0.03 0.007
FH-002_spot5_01 7.83 0.22 0.05 3.70 b.d 0.24 0.96 1.91 b.d 0.01 b.d b.d b.d 0.03 0.010
FH-002_spot5_02 7.67 0.41 0.06 3.22 b.d 0.46 1.20 1.83 b.d 0.07 0.013 b.d b.d 0.04 b.d
FH-003_spot1_01 7.62 0.50 0.08 3.10 b.d 0.24 1.46 1.93 0.02 0.03 0.020 b.d b.d 0.05 b.d
FH-003_spot1_02 6.86 1.22 0.25 2.28 b.d 0.79 1.61 1.77 0.12 0.15 0.098 b.d b.d 0.07 b.d
FH-003_spot2_01 7.09 1.07 0.23 2.43 b.d 0.62 1.67 1.85 0.04 0.10 0.044 b.d b.d 0.06 b.d
FH-003_spot2_02 7.60 0.51 0.07 3.09 b.d 0.32 1.42 1.92 b.d 0.03 0.020 b.d b.d 0.05 b.d
FH-003_spot3_01 6.99 1.08 0.24 2.33 b.d 0.68 1.70 1.77 0.12 0.17 0.079 b.d b.d 0.07 b.d
FH-003_spot3_02 7.86 0.18 0.02 3.20 b.d 0.13 1.60 1.98 b.d b.d b.d b.d b.d 0.03 b.d
FH-006_spot2_01 7.68 0.39 0.06 3.55 b.d 0.30 1.02 1.93 b.d 0.02 0.011 b.d b.d 0.03 0.014
FH-006_spot2_02 7.78 0.26 0.05 3.43 b.d 0.42 1.04 1.84 b.d 0.02 b.d b.d b.d 0.05 0.019
FH-006_spot2_03 7.15 0.87 0.22 2.79 b.d 1.17 0.98 1.67 b.d 0.11 b.d b.d b.d 0.05 b.d
FH-006_spot2_04 6.83 1.19 0.28 2.29 b.d 0.90 1.54 1.73 0.13 0.17 0.096 b.d b.d 0.07 b.d
FH-006_spot3_01 7.72 0.30 0.06 3.25 b.d 0.56 1.10 1.79 b.d 0.03 0.007 b.d b.d 0.04 0.015
FH-006_spot3_02 7.79 0.21 0.03 3.42 b.d 0.33 1.20 1.91 b.d 0.01 0.010 b.d b.d 0.04 b.d
FH-006_spot3_03 6.83 1.18 0.26 2.27 b.d 0.89 1.57 1.72 0.14 0.19 0.096 b.d b.d 0.06 b.d
FH-006_spot3_04 7.06 0.97 0.25 2.38 b.d 0.81 1.61 1.75 0.08 0.12 0.061 b.d b.d 0.05 b.d
FH-006_spot4_01 7.70 0.39 0.06 3.35 b.d 0.30 1.19 1.91 b.d 0.01 0.008 b.d b.d 0.04 0.022
FH-006_spot4_02 7.70 0.37 0.05 3.49 b.d 0.47 0.95 1.86 b.d 0.01 0.008 b.d b.d 0.03 0.016
FH-006_spot4_03 6.85 1.15 0.26 2.31 b.d 0.94 1.51 1.71 0.14 0.17 0.088 b.d b.d 0.06 b.d
FH-006_spot4_04 6.88 1.10 0.27 2.32 b.d 1.04 1.42 1.67 0.14 0.14 0.081 b.d b.d 0.06 b.d
CC-013_spot2a_01 7.24 0.68 0.16 3.78 0.378001 0.56 0.44 1.81 0.04 0.07 0.010 b.d b.d 0.03 b.d
CC-013_spot2a_02 7.67 0.45 0.09 3.25 b.d 0.19 1.41 1.96 b.d 0.02 b.d b.d b.d 0.03 b.d
CC-013_spot2b_01 7.55 0.45 0.08 3.84 b.d 0.60 0.50 1.85 0.02 0.03 b.d b.d b.d 0.04 b.d
CC-013_spot2b_02 7.60 0.47 0.08 3.28 b.d 0.42 1.21 1.91 b.d 0.02 b.d b.d b.d 0.03 b.d
CC-013_spot2c_01 7.31 0.70 0.19 3.69 b.d 0.28 0.88 1.96 0.10 0.07 0.007 b.d b.d 0.03 b.d
CC-013_spot2c_02 7.68 0.43 0.08 3.21 b.d 0.13 1.52 1.99 b.d 0.02 b.d b.d b.d 0.03 b.d
CC-013_spot4_02 7.56 0.48 0.06 3.13 b.d 0.54 1.25 1.88 b.d 0.01 b.d b.d b.d 0.03 b.d
CC-013_spot5_01 6.35 1.63 0.52 3.39 0.175318 0.73 0.46 1.72 0.32 0.20 b.d b.d b.d 0.03 b.d
CC-013_spot5_02 7.88 0.18 0.03 2.44 b.d 0.05 2.39 1.99 b.d 0.01 b.d b.d b.d 0.06 b.d
CC-010_spot1_01 7.80 0.30 0.04 2.78 b.d 0.14 1.94 1.95 b.d 0.01 b.d b.d b.d 0.03 b.d
CC-010_spot2_01 7.72 0.29 0.07 3.32 b.d 0.46 1.15 1.84 0.02 0.01 0.004 b.d b.d 0.04 b.d
CC-010_spot3_01 7.66 0.47 0.07 2.94 b.d 0.19 1.70 1.97 b.d 0.02 0.004 b.d b.d 0.04 b.d
CC-010_spot3_02 7.72 0.41 0.06 2.99 b.d 0.22 1.63 1.92 b.d 0.02 b.d b.d b.d 0.04 b.d
CC-010_spot4_01 7.53 0.61 0.12 2.67 b.d 0.35 1.75 1.89 0.03 0.02 0.005 b.d b.d 0.05 b.d
CC-010_spot4_02 7.78 0.31 0.05 2.85 b.d 0.11 1.91 1.96 0.02 0.01 b.d b.d b.d 0.03 b.d
CC-014_spot1_01 6.30 1.42 0.63 3.34 0.78 0.59 0.59 1.67 0.28 0.16 b.d b.d b.d 0.02 b.d
CC-014_spot1_02 7.47 0.80 0.26 4.02 0.25 0.78 0.34 1.85 0.06 0.15 0.007 b.d b.d 0.02 b.d
CC-014_spot1_03 6.61 1.34 0.45 3.35 0.24 0.69 0.62 1.73 0.22 0.18 b.d b.d b.d 0.03 b.d
CC-014_spot1_04 7.78 0.33 0.06 3.24 b.d 0.16 1.46 1.94 b.d 0.01 0.004 b.d b.d 0.04 b.d
CC-014_spot2_01 7.67 0.45 0.09 3.31 b.d 0.36 1.18 1.87 b.d 0.02 b.d b.d b.d 0.03 b.d
CC-014_spot2_02 7.80 0.30 0.07 3.40 b.d 0.42 1.05 1.81 b.d 0.01 b.d b.d b.d 0.04 b.d
CC-014_spot2_04 7.55 0.42 0.05 3.13 b.d 0.74 1.12 1.83 b.d 0.01 0.004 b.d b.d 0.03 b.d
FH-002_spot3_01 7.73 0.38 0.05 3.19 b.d 0.13 1.49 1.95 0.04 0.01 0.005 b.d b.d 0.05 b.d
FH-002_spot3_02 7.75 0.28 0.05 3.53 b.d 0.38 1.02 1.89 b.d 0.01 b.d b.d b.d 0.04 0.006
FH-003_spot4_01 7.70 0.36 0.06 3.26 b.d 0.41 1.20 1.86 b.d 0.04 0.01 b.d b.d 0.05 0.015
FH-003_spot4_02 7.13 0.88 0.22 2.52 b.d 0.91 1.39 1.72 0.06 0.12 0.08 b.d b.d 0.08 b.d
FH-006_spot1_01 7.78 0.25 0.03 3.30 b.d 0.29 1.32 1.92 b.d 0.01 0.01 b.d b.d 0.05 b.d
FH-006_spot1_02 7.78 0.26 0.04 3.38 b.d 0.26 1.25 1.91 0.02 0.01 0.01 b.d b.d 0.04 0.004
FH-006_spot1_03 6.79 1.21 0.34 2.34 b.d 0.93 1.49 1.67 0.16 0.20 0.09 b.d b.d 0.03 b.d
FH-006_spot1_04 7.07 0.88 0.22 2.54 b.d 1.17 1.18 1.66 0.06 0.11 0.06 b.d b.d 0.07 b.d
FH-010_spot1_06 7.64 0.54 0.10 3.08 b.d 0.38 1.42 1.92 b.d 0.03 0.02 b.d b.d 0.05 b.d
FH-010_spot2_05 7.70 0.43 0.06 3.04 b.d 0.23 1.60 1.96 b.d 0.02 0.00 b.d b.d 0.04 b.d
FH-010_spot2_06 7.88 0.24 0.02 3.03 b.d 0.16 1.76 1.99 b.d 0.01 0.01 b.d b.d 0.04 b.d
FH-010_spot5_05 7.69 0.51 0.07 2.94 b.d 0.27 1.66 1.96 b.d 0.03 0.01 b.d b.d 0.04 b.d
Appendix	D:	Elemental	Maps	of	
Epidote	Veins	
All	maps	analyzed	for	Si,	Al,	Ca,	Ce,	Fe,	and	Sr.		
Crazy	Creek	Sample	004A	map	1	where	one	epidote	vein	crosscuts	another	epidote	vein.	
Crazy	Creek	Sample	004A	map	2	where	one	
epidote	vein	is	crosscut	by	another	epidote	
vein.	
Crazy	Creek	
Sample	004A	
map	3	
showing	an	
epidote	vein	
from	edge	to	
edge.	
CC-004A	
map	4	
showing	
an	
epidote	
vein	from	
edge	to	
edge.	
Crazy	Creek	Sample	05	map	1	of	an	
epidote	vein.	
Crazy	Creek	Sample	05	map	2	of	an	
epidote	vein.	
Crazy	Creek	Sample	05	
map	3	of	an	epidote	
vein.	
Crazy	Creek	Sample	
05	map	4	of	an	
epidote	vein.	
Crazy	Creek	Sample	
10	map	1	of	an	
epidote	vein.	
Crazy	Creek	Sample	10	map	2	of	an	epidote	
vein.	
Crazy	Creek	Sample	10	map	3	of	an	epidote	
vein	crosscut	by	another	epidote	vein.	
Crazy	Creek	Sample	13	
map	1	of	an	epidote	
vein.	
Appendix	E:	Insitu	micro	XRD	
SUD-SC-006	
1
2
3 4
5
SUD_SC_006_spot	1	
SUD_SC_006_Spot	1	
01-071-2387 (C) - Epidote - Ca2Al0.93Fe0.05AlAl0.24Fe0.76Si3O13H - Monoclinic - P21/m (11)
00-046-1323 (I) - Clinochlore-1MIIb - (Mg,Al,Fe)6(Si,Al)4O10(OH)8 - Monoclinic - C2/m (12)
01-080-1094 (C) - Albite low - Na(AlSi3O8) - Triclinic - C-1 (0)
Y + 3.0 mm - File: SUD_SC_006_01 [001].raw
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01-085-0865 (C) - Quartz alpha - SiO2 - Hexagonal - P3121 (152)
01-080-1094 (C) - Albite low - Na(AlSi3O8) - Triclinic - C-1 (0)
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01-080-1094 (C) - Albite low - Na(AlSi3O8) - Triclinic - C-1 (0)
00-045-1446 (I) - Epidote - Ca2(Al,Fe)3(Si2O7)(SiO4)(OH)2 - Monoclinic - P21/m (11)
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01-080-1094 (C) - Albite low - Na(AlSi3O8) - Triclinic - C-1 (0)
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00-042-1437 (I) - Phlogopite-1M, Fe-rich - K(Mg,Fe)
01-086-2262 (C) - Titanite Al-rich - CaTiOSiO4 - Mo
00-024-0506 (C) - Clinochlore-1MIIb - (Mg5Al)(Si,Al
01-072-1235 (C) - Corundophilite - Mg5.0Al.6Fe.4Si
01-085-0798 (C) - Quartz - SiO2 - Hexagonal - P32
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01-080-0521 (C) - Actinolite - Ca2(Mg,Fe)5Si8O22(OH) - Monoclinic - C2/m (12)
File: SUD_SC_010_01 [001].raw
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01-080-0521 (C) - Actinolite - Ca2(Mg,Fe)5Si8O22(OH) - Monoclinic - C2/m (12)
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00-005-0490 (D) - Quartz, low - alpha-SiO2 - Hexagonal - P3121 (152)
00-045-1446 (I) - Epidote - Ca2(Al,Fe)3(Si2O7)(SiO4)(OH)2 - Monoclinic - P21/m (11)
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01-088-2487 (C) - Quartz low - SiO2 - Hexagonal - P3221 (154)
00-045-1446 (I) - Epidote - Ca2(Al,Fe)3(Si2O7)(SiO4)(OH)2 - Monoclinic - P21/m (11)
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01-088-2487 (C) - Quartz low - SiO2 - Hexagonal - P3221 (154)
00-045-1446 (I) - Epidote - Ca2(Al,Fe)3(Si2O7)(SiO4)(OH)2 - Monoclinic - P21/m (11)
SUD_SC_015                      SUD_SC_015. CoDyre Sudbury SSUD_SC_015. CoDyre Sudbury Samples 
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